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Leadership, discipline and hard work made the 9th Asian 
Games a dazzling success which brought world-wide tributes 
to India’s capacity for organisation and rapid execution of 
ambitious projects. 


The stadia were built in record time. Colour television 
brought the games live into millions of homes all over the 
country and abroad. Computers, electronic exchanges, 
micro-wave and satellite links were smoothly and efficiently 
utilised in a mammoth network of services. 


Keep the Torch Burning 


Let us extend the Asiad spirit to the larger arena of national 
endeavour 


Our economy is on the move. it is in our hands to maintain 
the improvement to lighten the burdens of our millions. This 
endeavour is for each one of us. 


LET US ALL JOIN HANDS 
TO BUILD A STRONG NATION 
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Thin films of Sn-In oxides were prepared on glass substrates by pyrolytic decomposition of alcoholic solutions containing 
anhydrous SnCl, and InCl,.3H,O in various proportions. The oxide films obtained from solutions within the range, 100 
>{SNC1,]>73 mol%, were isomorphous with the SnO, structure, whereas those from solutions in the range, 66>[SnCl,] 
> 56 ml%, were non-crystalline (The term non-crystalline was designated to those films which did not show sharp X-ray 
peaks). Films with lower tin content had the In,O, structure. Low resistivity films (p= 10° ?-10~3 ohm-cm) were obtained 
from the starting mixtures: (a) 100 >[SnCl,] > 99.4, and(b) 56> [SnCl,] > 18 mol%. These films were n-type. The results of the 
variations in the optical band gap with composition have been correlated with the structural and conductivity results. 


1 Introduction 

Crystallographic properties of SnO, layers have 
been studied by various workers’ *. Structural studies 
on pure indium oxide as well as on a limited range of 
indium-tin oxide (ITO), ic. In,03-SnO,, films have 
also been reported® '', but only a few studies have 
covered the entire range of In,O3-SnO, system!?’!3. 
The conductivity of SnO, films has also been studied 
widely'*~?° and various methods for getting these 
films with better electrical and optical properties have 
been evolved to meet the requirements in connection 
with various applications, such as_ transparent 
electrode, solar energy conversion and display 
devices?®~ 7°. ITO films have been developed with 
resistivity as low as 10 *ohm-cm and _ with 
transparency higher than 90 per cent”? *?. All these 
papers mainly describe the techniques for getting 
coatings with higher conductivity and _ higher 
transparency although some measurements on pure 
films have also been carried out. However, a systematic 
study of the conductivity, structure and optical 
absorption characteristics of films from the entire 
range of SnO,-In,O; composition prepared by the 
spray-technique has been lacking, and the present 
study attempts to fill that gap. 


2 Experimental Techniques 

Films of SnO,, In,O; and their binary systems were 
prepared by the pyrolytic decomposition . of 
appropriate mixtures of stannic chloride (fuming 
anhydrous SnCl,) and indium trichloride (InCl,, 
3H,O) ina specially designed furnace. This furnace was 
made by winding 20 gauge Kanthal wire on a 4 in wide 


+NCL Communication No.3051 


and 8 in long quartz tube with a suitable outer cover. 
The whole assembly was placed vertically over a 6 in 
thick layer of refractory bricks. A 4 in long fire-brick, 
which could just pass through the quartz tube, was 
placed in the furnace tube. The advantage of the 
introduction of this brick piece is that it helps in 
maintaining the temperature constant during the spray 
blast because of its large thermal inertia. A chromel- 
alumel thermocouple was used to measure the 
temperature. The substrates used were silicate glass 
slides, pellets of sodium chloride and alumina plates. A 
conventional-type, all-glass atomizer was used to blow 
the solution onto the substrates maintained at the 
required temperature (410+10°C or 580+10°C). A 
distance of 25 cm was maintained between the sprayer 
and the substrates. Each spraying period of 2-3 sec was 
followed by a waiting period of 2 min to prevent any 
excessive cooling of the substrates. By taking various 
mole percentages of SnCl, and InCl, in ethyl alcohol, 
films of various Sn:In oxide compositions were 
prepared. It was presumed that the ratio of the two 
metals in the oxide films was practically identical to 
that in the starting solution’. Thickness measure- 
ments for the films were carried out using Tolansky’s 
method of multiple reflection. The film-thickness 
obtained was in the range 600-800 A. 

Phase identification was carried out by X-ray 
powder diffraction using a Philips X-ray 
diffractometer. 

Scanning electron microscopy (SEM) and _ the 
electron probe microanalysis were carried out for a few 
samples using a Cambridge SEM instrument, model 
Stereo-scan- 150. 

From the measurements of the current-voltage 
characteristics for a number of samples, it was 
established that vacuum evaporated silver and air 
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(400) 

a) (100: O) oxide 
b) (77:23) oxide 
c) (66: 34) oxide 
d) (56: 44) oxide 
e) (0:100) oxide 

= 

Bo 

: ~ 

: (222) 

bs (622) as 

: (6) (440) (411) : 

Fa A P A (521) 

3 (e) 

° 

- (222) 

(622) (440) (400) ‘; 
Sa | oa ne scnuafad & 
x 7 f \wasl, 
(2i1) 200 
“sean! (220) (101) 
aets ng - :, 2 e (deg) ras. ae 35 
x pene IX ttacton pate for the Sf aed ~wicesiea 
. me : os : et setae iret ges. ae 


Se Oe ae 


oe formed ‘ohenic contacts with ‘the 


Rein: 
a this result, crystal growth did not take place for our 
(66:34) oxide film on baking up to 580°C for 8 hr. 
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Table 1—Structure of Films Deposited on Glass at 410 


+ 10°C 


Starting Composition in the Structure of 


alcoholic mixture the film 


mol ° 


ancl, 2.inCt, 
100:0 SnO, 
89:11 SnO, 
77:23 SnO, 
66:34 Non-crystalline 


66:34 heat treatment 
at 580°C for 8 hr 


Non-crystalline 


56:44 In,O, 
46:54 In,O, 
36:64 In,O, 
18:82 In,O, 
0: 100 In,O, 


boundaries (Fig. 2a). For the films of (89:11) oxide the 
textured grains are formed having particle size of about 
2-4 um (Fig. 2b). The particle size is observed to 
decrease with increasing indium concentration along 
with the decrease in the crystal size as mentioned 
above. The particle size for (66:34) oxide film, which 
does not show sharp X-ray diffraction peaks, is seen to 
be of the order of 0.2-1.0 wm (Fig. 2c). On the whole, 
each of these films has spherically-shaped particles on 
the surface. The composition as observed by electron 
probe microanalysis is qualitatively the same over all 
the grains within the limits of the resolution (70 A) of 
our SEM unit but these results do not totally preclude 
phase segregation. 

As no X-ray line corresponding to In,O,; is observed 
in the Sn:Jn oxide films up to 77:23 composition, it is 
possible that in this range we have single-phase films. 
However, a possibility that a separate phase of In,O; is 
formed which is amorphous, and hence not detected by 
X-ray diffraction, cannot be ruled out. 

It is seen that increasing concentration of indium 
progressively reduces the particle size and inhibits the 
crystal grain growth and ultimately renders the films of 
(66:34) oxide non-crystalline. Such an observation of 
reduced grain size for SnO, films was reported by 
Tohda et al.** when Eu concentration in the film was 
increased. 

Carroll and Slack?* reported that SnO, films were 
amorphous when they contained 20 mol % of Sb. This 
was attributed to the glass forming nature of antimony. 
It was further found that the films became crystalline 

on heating at temperatures above 580°C. Contrary to 


Crystal growth has been inhibited possibly because 


SnO, forms strong bonds of the type > (Si-O- 
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Fig. 2—Scanning electron micrographs for the Sn:In films of 
various compositions deposited on glass substrate at 410°C + 10 C 
[(a), (100:0) oxide; (b), (89:11) oxide; and (c), (66:34) oxide] 


SN) <(Ref.34) with glass and the mobility of the nuclei 
is expected to be low. 

Since (66:34) oxide film is at the boundary of the 
stable SnO, cassiterite phase in the phase diagram, a 
detailed study was carried out for films of this 
composition and for some other film compositions by 
depositing these films on glass, alumina and sodium 
chloride substrates at 410 and 580+ 10 C. The results 
obtained are given in Table 2. 

It may be seen that (66:34) oxide films are non- 


crystalline when deposited on amorphous substrate 
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; yn: » Films 
Table 2—Structures of Various Sn:In Oxide Filr 


Deposited at 410° and 580°C on Glass, Alumina and Sodium 
Chloride Substrates 


Starting Substrate 
composition 
Glass slides Alumina plates Sodium chloride 
pellets 

Sn: In 410°C 580°C 410°C 580C 410°C 580°C 
66: 34 NC I+S I 1+S I NC 
56:44 I I+S I I+S I N¢ 
46:54 I I 


Abbreviations: NC, non-crystalline; I, In,0, phase; S, SnO, phase; 
and I+S, (In,0;+SnO,) phases 


(glass) at 410°C. If the films from the same composition 
are deposited on crystalline alumina and sodium 
chloride substrate at the same temperature then the 
films formed are crystalline and isomorphous with the 
bixbyite-type In,O, structure (Table 2). 

In order to check whether SnO, is present as solid 
solution in the bixbyite phase or as a separate non- 
crystalline phase, the deposition was carried out for 
this composition at 580°C and it is observed that two 
separate phases, In,O; and SnO, appeared in the 
crystalline form on Al,O; substrate (Table 2). It is also 
seen from Table 2 that the same results are obtained on 
amorphous glass. Thus these films are essentially 
mixtures of two phases, both non-crystalline, when 
deposited at 410°C on amorphous substrate like glass; 
one crystalline (In,O3) and one non-crystalline (SnO,) 
when deposited at 410°C on crystalline Al,O,; and 
sodium chloride substrates; and both crystalline when 
deposited at 580°C on either crystalline (Al,O,;) or 
amorphous (glass) substrate. 

SEM pictures show that the particle size which was 
0.2-1.0 jum for the non-crystalline films (Fig. 2c) 
increases to about 0.3-2 xm when the films of the same 
composition are deposited on a crystalline substrate. 

Fig. 3a is for the film deposited on Al,O, substrate 
and Fig. 3b shows the picture of the film deposited on 
NaCl substrate. The bigger particles are due to 
substrate. In the (66:34) oxide film deposited on glass at 
580°C, which consists of two crystalline phases, 
namely, the SnO, and In,O,, two types of particles are 
seen (Fig. 3c). 

In the case of the films of (56:44) oxide, lower 
temperature of deposition (410°C) produces films with 
crystalline In,O,; on crystalline substrates (Al,O,, 
NaCl) as well as on amorphous glass substrates. On 
depositing these films at 580°C on glass and alumina 
plates, both the phases (In,O, and SnO,) appear as 
crystalline. These results show that once the 
concentration of InCl, increases beyond 44 mol os the 
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Fig. 3—Scanning electron micrographs for Sn:In (66:34) oxide 
films [(a), on Al,O, plate (deposited at 410 °C): (b), on NaC! pellete 


(deposited at 410 °C): and (c), on glass substrate (deposited at 
580 °C 


substrate need not be crystalline to get a crystalline 
deposit. In,O,; can be crystallized even on amorphous 
substrate at 410°C. However, SnO, still remains in the 
non-crystalline form which crystallizes only by 
depositing the films at higher temperatures (S80 C) 
When the In content in the films is increased further 
€.g. (46:54) oxide, a separate crystalline phase of SnO 
does not appear even for deposition at $80 C 
However, the crystalline In,O, Structure is seen at 
both the temperatures of the deposition. This possibly 
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indicates that these films are single-phase solid solution 
where SnO, goes into the In,O structure. 

It is interesting to note that non-crystalline films 
resulted when the deposition was carried out at 580°C 
for (66:34) oxide and (56:44) oxide on crystalline 
sodium chloride pellets (Table 2). Tigane®> reported 
that sodium and potassium ions of the glasses react 
chemically with the SnO, layers and affect the 
Structure. Diffussion of alkali ions in the films was 
reported by Kane et al.°® and Mizuhashi>”. In the 
present case, the substrate material itself is sodium 
chloride and deposition at higher temperatures favours 
the highly mobile sodium ions to diffuse through the 
films and affect the structure in presence of moisture. 


3.2 Electrical Properties 

All resistivity (9) measurements were carried out for 
the films which were deposited at 410°C. The variation 
of resistivity with composition at room temperature is 
shown in Fig. 4. 

A sharp increase in resistivity from 107 7 ohm-cm to 
10° ohm-cm is observed on going from (100:0) to 
(99.4:0.6) oxide, followed by a slower increase up to 
(94:6) oxide composition. Resistivity then decreases up 
to (56:44) oxide composition. There is then a region of 
nearly constant resistivity up to (18:82) oxide films. 
Finally resistivity rises and is of the order of 10 ohm-cm 
for pure In,O, films. ; 

Pure SnO, films have a resistivity of 10°? ohm-cm 
which is mainly due to the oxygen deficiency since these 
films are not doped intentionally. The sharp increase in 
the resistivity with an addition of 0.6 mol % of indium 
is attributed to the fact that In** is substituting Sn** in 
the covalently-bonded SnO, structure and thereby 
reducing the free electron concentration. Further 
addition of indium traps more and more electrons and 
increases the resistivity which is observed up to (94:6) 
oxide films. 


; In,0, Structure 
! 


Mixed phases 


D4 es ; 40 ~ 60 80 100 
4 


7 ¥ 7s . % aa > x 
Fig. 4—Log p as a function of [Sn,;o0- x): In,] oxide composition 


However, on increasing the indium concentration 
still further, the resistivity starts falling and this cannot 
be explained by the fact that In** jis acting as an 
acceptor 10n. As observed earlier that the films from 
(100:0) oxide to (77:23) oxide are isomorphous with the 
SnO, phase, excess indium which cannot substitute 
Sn** may be forming a separate In,O, phase which is 
non-crystalline. This non-crystalline In,O, is probably 
contributing to the conductivity and a fall in resistivity 
is observed for these compositions. 

The resistivity then continues to decrease. The film 
compositions in this range are identified to be the 
mixture containing SnO, and In,O; (both non- 
crystalline) and none of these phases crystallizes out on 
heating the films at 580°C for 8 hr; that means the 
crystallite size is too small to form the crystalline 
pattern (with the available thermal energy) which X- 
rays can detect. Such small crystallites seem to have 
good contact amongst themselves and low resistivity is 
attributed to this good contact of the crystallites. 
Similar interpretation has been given by Mizuhashi>® 
for the films with lower degree of crystallinity and 
having low resistivity when formed at lower substrate 
temperature. 

The films in the range (56:44) to (0:100) oxide are 
isomorphous with In,O; phase and the conductivity 
behaviour for these films can be explained by 
considering these films to be In,O, with Sn as an 
impurity. 

The present method of pyrolytic decomposition of 
InCl; to form In,O3 suggests that the resulting In,O, 
film is non-stoichiometric, having oxygen deficiency. 
The degree of oxygen deficiency depends on the 
temperature of deposition, the atmosphere in which 
the film is formed and the post-deposition treatment to 
the film. Our freshly prepared samples of In,O3 were 
formed under atmospheric conditions where a large 
number of oxygen deficiencies are unlikely to get 
formed. The film resistivity obtained was therefore 
high, nearly 10 ohm-cm, which on post-deposition 
annealing in vacuum fell to 10°? to 10°-* ohm-cm. 
When the films of In,O 3 were incorporated with 18 
mol % Sn, a fall in resistivity was observed. Since the 
films of these compositions were not heat-treated in 
vacuum, the lowering of the resistivity or creation of 
donors has its origin in a source other than oxygen 
deficiency created by vacuum annealing. 

It is reported in literature that addition of tin up to 4- 
6 wt % produces ITO films with resistivities as low as 
107 * ohm-cm (Ref.39), and it is shown that Sn** which 
replaces In** is responsible for generating the carriers. 
Fan and Bachner*® observed that the lattice 
parameters for In,O, films increase with un 
incorporation and interpreted that In°* ions are not 
replaced by Sn** ions which are smaller and would 
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contract the lattice. The observed expansion Is 
consistent with the replacement of In°* ions by large 
Sn2* ions and also with the incorporation of Sn ions in 
the interstitial positions which are responsible for the 
source of carriers. The lattice constant for the present 
In,O, films is approximately 10. OSA; with 18 mol 
°% Sn, the lattice parameter increases to 10. 14A. Thus 
the present results are similar to those observed by Fan 
and Bachner*°, and hence are interpreted on similar 
grounds. However, with 18 mol % tin, the resistivity of 
In,O, films obtained is 10°? ohm-cm, which is higher 
than that obtained in film with lower tin content. This 
could be due to the fact that a large amount of tin might 
be causing disorders in the In,O, lattice and is not so 
effective in generating carriers. However, films with 18 
mol % tin show a degenerate-type behaviour as the 
resistivity, Hall mobility and the carrier concentration 
remain nearly the same over the temperature range 87- 
, 300 K. Further addition of tin (more than 18 mol %) 
has no effect in changing the resistivity. This is 
represented by the flat portion in the curve and this 
could be due to the compensation of carriers generated 
by interstitial Sn by substituted Sn?* ions. 


: bse a and nd. (ahv)*versus photon energy (hv) for 
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~o———0- (66:34) oxide 
>———-@ (36:64) oxide 
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3 4 5 6 
hy (eV) 


Fig. 7—Variation of a with photon energy (hv) for various Sn:In 
compositions 


the single crystals. Spence also observed that for any 
pair of SnO, films from the same deposition run, the 
absorption edge for the low resistivity film was about 
0.1 eV higher than that for the high resistivity films. 
Arai** also observed similar effects. This was explained 
by assuming that the allowed states near the bottom of 
the conduction band were occupied and that the 
allowed transitions from the valence band would have 
correspondingly higher energies than the forbidden 
gap. 

On adding In to SnO,, the resistivity of the films 
increases by about seven orders of magnitude even 
though the band gap for these films remains the same 
[compositions (99.4:0.6), (98:2) and (94:6) oxides] 
(Fig.5). These results cannot be explained on lines 
suggested earlier. Mobility in our films is relatively low, 
of the order of 3-15 cm? V_' sec _°. All these results 
contradict the existence of deep bands. However, for 
the films of SnO, and In,O3, scattering due to grain 
boundaries**'*°, neutral impurities as well as due to the 
ionized impurities'®’?'*”** is reported. The mobility 
is reduced due to such scatterings. The low mobility of 
our film could partly be accounted for by such 
scatterings; but even then we have very little 
experimental support for the assumption of the deep 
parabola with low density of states in these samples. 

The values for the optical band gap for the films of 
(89:11) oxide (Fig.6) and (66:34) oxide (Fig.7) are 
observed to decrease to 4.3 eV and 3.8 eV respectively. 
The (89:11) oxide films consist of crystalline SnO; 
phase existing side by side with the non-crystalline 
In,O; phase. The (66:34) oxide films consist of two 
non-crystalline phases, namely, SnO, and In,O3. Since 
both these films are heterogeneous mixtures, it is 


difficult to give reasons for the observed values of the 
optical band gap. — 


8x io" 


(ahd) (ev /em)? 


hy (eV) 


Fig. 8— Variation of («hv)? with photon energy (hv) for Sn: In (0: 100) 
oxide 


The (36:64) and (0:100) oxide films are identified as 
films having a single phase of crystalline In,O3. The 
optical band gap obtained for In,O; films is 3.5 eV as 
shown in Table 3 and Fig. 8. Raja et al.*? found this 
value to be 3.55 eV. On adding Sn to the In,Q; films, 
the band gap increases to 3.7 eV for (36:64) oxide films 
(Fig.7). When this is seen in conjunction with the result 
that the resistivity of this film composition is lower 
than that of In,O; film, the earlier explanation as given 
by Spence*? and Arai** can account for the apparent 
increase in the band gap for this film as due to the filling 
up of the lower states in the conduction band. 
However, as stated earlier there is no direct 
experimental support for this. 


4 Conclusion 


When films of SnO,-In,O, are prepared using spray 
pyrolytic technique the crystallographic properties of 
the films are sensitive to composition of the film, 
temperature of deposition and underlying substrate. 
Indium addition progressively reduces the crystallite 
size of the SnO, films and decreases the degree of 
crystallization. At 34 mol % concentration, indium 
renders the film amorphous. Crystallization for SnO, 
depends on temperature of deposition while that for 
In,O, depends upon the nature of the substrate 
material. Diffusion of alkali metal ions affects the films 
chemically and destroys the structure of the films. 

Electrical properties vary with the composition of 
the films. Indium acts as an acceptor ion up to a certain 
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limit and then it forms a separate amorphous In,O3 
phase side by side. This also changes the optical 


properties of the films. 
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The degradation of sintered CdS-Cu,S solar cell caused by the grain boundary diffusion of Cu* ions has been investigated. 
Some methods suggested to control the rate of this degradation include incorporation of suitable impurities like indium, zinc 
and hydrogen gas in CdS layer; vacuum annealing and sintering at reduced pressure before cell fabrication. Incorporation of 
these impurities establishes a retarding built-in-field along the grain boundary to check Cu* ion diffusion and consequently 
reduces degradation of cells. Hydrogen has proved to be the most beneficial of these doped impurities. 


1 Introduction 

Solar cells based on the CdS-Cu,S heterojunction 
have been the subject of extensive research. Sintered 
polycrystalline CdS-Cu,S solar cells are one of the 
most promising devices as photovoltaic convertor in 
view of their low cost, comparatively easier fabrication 
technology and energy payback consideration’. But a 
critical concern of the CdS-based solar cells has been 
the problem of device degradation. This is particularly 
true with the devices which use Cu,S as the photo- 
absorber. It has been observed that Cu,S can 
degenerate to lower stoichiometry phases as a result of 
oxidation in room ambients, field assisted out-diffusion 
of copper and electro-chemical decomposition under 
normal operations”. The lower stoichiometry Cu,S 
phases may have much lower optical absorbance? and 
poorer carrier transport properties*. Thus in sintered 
CdS-Cu,S solar cells having a large number of 
randomly oriented grain boundaries, apart from 
degradation caused by atmospheric oxygen, an 
additional degradation mechanism resulting from Cu* 
ion diffusion phenomena down the grain boundary 
plays an important role. 

Degradation of polycrystalline CdS-Cu,S solar cell 
is generally attributed to diffusion of Cu through its 
grain boundaries. Palz et al.” have reported on how to 
partially eliminate this degradation through suitable 
doping and hence diffusion through CdS, although no 
explanation has been forwarded by them. In 
polycrystalline materials, the dominant diffusion 
mechanism at temperatures lower than that about half 
of the melting point of the solid is the diffusion 
through the grain boundaries of the material. It has 
already been reported® that the direction of an electric 
field, whether a built-in field incorporated through a 
deleberate introduction of concentration gradient of 
suitable impurities across the polycrystalline material 
or an external field applied across the sample, plays a 
significant role in accelerating or retarding the grain 


boundary diffusion. Such acceleration or retardation 
of grain boundary diffusion by a suitable built-in field 
by impurity doping has a remarkable effect in the long 
term degradation of polycrystalline solar cells. An 
attempt was, therefore, made by us to investigate in 
some detail the effect of impurities like indium, zinc and 
hydrogen gas incorporated in CdS layer, on the initial 
performance and degradation of sintered cells. In, Zn 
and H have been chosen as they are the most common 
impurities which can be easily doped and are likely to 
be present in different stages of fabrication of CdS- 
Cu,S solar cells. All these impurities diffuse rather 
rapidly through the large grain boundaries of sintered 
CdS layer and act as shallow donors contributing 
thermally ionized electrons to the CdS. The cases of 
vacuum annealing and sintering at reduced pressure 
have also been investigated to determine the effect of 
removal of trapped oxygen impurity from the grain 
boundaries and creation of sulphur vacancies within 
CdS laye: ’. The present paper reports the role of these 
impurities and other methods applied, viz. vacuum 
annealing and sintering at reduced pressure on the long 
term degradation performance.of polycrystalline solar 
cells. 


2 Experimental Details 

The sintered CdS-Cu,S solar cells were fabricated in 
the same way as reported earlier®. The sintered CdS 
pellets of about 15 mm diameter and | mm thickness 
were formed by pressing (about 50 tons/sq in) 
suprapure grade CdS powder. They were sintered in 
inert atmosphere at 800°C for 3 hr and conventional 
cells were fabricated. To get better cell performance, 
different CdS layer treatments such as vacuum 
annealing, low pressure sintering or impurity doping 
were carried out, prior to cell fabrication. For vacuum 
annealing, the sintered (800°C, 3 hr) CdS pellets were 
annealed in vacuum (10° torr) at 200°C for 4 hr. 
Sintering at reduced pressure (0.5 torr) was carried out 


205 


INDIAN J PURE & APPL PHYS, VOL 21 APRIL 1983 


at 600°C for 14 hr in inert atmosphere. Indium was 
doped in CdS layer by vacuum plating pure metallic In 
on the back surface of CdS pellet and heated 1n air at 
200°C for 4 hr (Ref. 9). In sintered CdS layer, Zn was 
doped from vapour phase at 400°C for 1 hr using 
standard evacuated glass ampoules. In sintered CdS 
pellet, hydrogen treatment was carried out at 400°C for 
| hr in closed atmosphere containing 9: 1 nitrogen and 
hydrogen mixture. ; 

After cell fabrication, all the cells, viz. impurity 
doped, vacuum annealed, low pressure and untreated 
conventional cells were encapsulated in a transparent 
glass fixture and kept continuously in argon ambient to 
avoid oxidation by open atmosphere. For studying the 
degradation of performance of these cells, short circuit 
current (J,.), open circuit voltage (V,,.) were measured 
carefully at room temperature at the same intensity of 
illuminaiton at a definite interval of time. A tungsten 
filament at 2800K colour temperature fitted with a 
water filter was used as a source, dark C—V 
measurements of the fresh and degraded cells were 
made in a capacitance bridge (Radart & Co., India) at 
10kHz frequency to investigate the junction behaviour 
of these cells. 


3 Results and Discussion 

Figs 1 and 2 show the variation of J,. and V,, with 
time for all the cells at room temperature. One notes 
that there is hardly any degradation of cells 
undergoing hydrogen treatment, vacuum annealing 
and low pressure sintering. For In and Zn doped cells, 
there is an initial degradation for the first 25 days until 
saturation is reached after which no further 
degradation takes place. For untreated, ie. con- 
venitonal cells, there is a rapid initial degradation for 
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Fig. |—Degradation of J,. with time for different cells undergoing 

various CdS layer treatments [LPH, low pressure sintered and then 
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Fig. 2— Degradation of V,, with time for different cells undergoing 
various CdS layer treatments 
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Table 1—Parameters of CdS-Cu,S Solar Cell Undergoing 
Different Heat Treatments of the CdS Layer 


Treatment on A-factor V,, ee Fill J 
CdS layer mV mA/cm? factor mA/cm? 
600°C, 14 hr, H-doped, 2.73 540 15.0 0.603 0.004 


Low pressure 


800°C, 3 hr, H-doped 3.5 500 13.0 0.538 0.024 
800°C, 3 hr, In-doped 5.6 465 125 Sz ae 
800°C, 3 hr, Zn-doped 5.5 490 12.0 049 0.19 
Vacuum annealed 3.2 465 15.0 0.50 0.04 
600°C, 14 hr, Low 5.21 490 13.5 0.443 0.14 
pressure 

800°C, 3 hr, 9.0 410 7.8 0.366 1.31 
Conventional 

cell 


first 30 days and then slow degradation takes place for 
further 15 days after which saturation sets in. 


3.1 Mechanism of Cell Degradation 

The mechanism of degradation performance of 
polycrystalline CdS-Cu,S solar cell may be explained 
as follows: 

(a) The net effective positive space charge density 
(Npen) at the interface is increased because of the 
Presence of diffused Cu* ions down the grain 
boundaries. An accompanying effect on the cell is the 
increase in the value of the diode exponential factor (A) 


which is in fact dependent upon Np. at the depletion 
region, by the relation!® 


= ep ee a i 
7 ree) ath 


wherefi = (h/2n, h being the Planck’ i 

Boltzmann's constant, T the ‘eenpeantsinn ae 
device, q the electronic charge, m* the effective mass of 
the electron, ¢ and & are respectively the permittivities 
of the medium and the free space. A, in its turn, has 
been reported"? to be chiefly responsible for the large 
variation of saturation current density (J,) of the cell 


(can be seen from Table 1) as is clear from the relation 
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a 
J,= aN.Siexp (“2 ) oss bd) 
where N. is the charge density in the CdS conduction 
band, S; the surface recombination velocity, E; the 
ionization energy of the deep levels in the depletion 
region, and , the potential barrier in the grain 
boundary region. 

However, the single largest factor contributing to the 
decrease in V,. of the cell is the large increase in J, 
values of the cells since V,. of a polycrystalline solar cell 
is given by!?: 

AkT Ji 
eet re le 
—— in| Go 5 +1 | a Es 


where J;, is the light generated current density with 
unity collection efficiency, A), the CdS-Cu,S actual 
junction area, and A, the perpendicular area of the cell. 

The degradation in V,. values of the cells is thus seen 
to be due to the presence of diffused Cu* ions down the 
grain boundaries. 

On the other hand, increase in the positive 
spacecharge density at the interface increase , and 
decreases the mobility of the CdS layer (1) as is clear 
from the equation” 


_9a<Vind 
<> = TNCKT 


where V,,, is the thermal velocity of the carriers and Ng 
the number of grains per unit length. Using Rothwarf’s 
expression for the light generated current density (Jz) 


(Ref. 12), 
ae) eth 
1+S,/uF 


JL =J,, ( 
where F is the field in CdS at the junction; it may be 
expected that the degradation inJ,, of the cell with time 
is through an increase in the factor S,/HF due to 
reduction in the value of electron mobility (4) and 
junction field (F) in CdS layer. Vacuum annealing, low 
pressure sintering and doping of impurities like In, Zn 
and H minimize degradation. Released thermal 
electrons from the doped impurities tend to passivate 
the large number of deep levels in the grain boundaries, 
thereby reducing Noein the depletion region and also 
the interface recombination velocity S; Nope is also 
reduced in the cases of vacuum annealing and low 
pressure sintering by the removal of trapped oxygen 
from the grain boundaries. Reduction in Noen Values 
leads to lower J, and higher V,, values of the sintered 
cells. At the same time the increase in the electron 
coricentration due to released thermal electrons in the 
CdS layer tends to increase sand conductivity 9 of the 
CdS layer, thus increasing the J,. values of the cells. 
(b) Deficit of copper in the top Cu,S layer may 
result in Cu -,S. Departure from ideal stoichiometry 


exp(— q@,/kT) -.-(4) 


significantly affects the electronic properties of C u,S, 
with both minority carrier transport and majority 
carrier conductivity, being controlled by the copper 
deficiency. The thickness of top Cu,S layer (absorber 
layer) decreases with decrease in stoichiometry of 
Cu_S. Since J, also depends on the carrier density and 
thickness of Cu,S layer through the ratio of diffusion 
length (L) to the Cu,S thickness (d) ie. on d/L. the 
reduction of copper sulphide stoichiometry leads to 
reduction in J,. (Ref. 13). 

(c) In the Clevite model of the cell and most other 
models it is recognized that during the heat treatments 
usually given to a cell a compensated layer is formed in 
the CdS near the junction, i.e. i-CdS layer, the 
compensating center is probably copper which diffuses 
into the CdS from the Cu,S layer. The compensation 
reduces the net donor density in this region to the order 
of 10'* cm? from the uncompendated density of 
about 10’’ cm. Increase in the thickness of this 
copper compensated i-CdS layer in turn reduces J,,. 
and V,,. of the cell!*. 

The nature of degradation of J,. and V,. with time 
suggests diffusion mechanism associated with the 
degradation of the sintered cells. We propose that Cu* 
ions diffuse through the grain boundaries resulting into 
deviation of stoichiometry from Cu,S to Cu,-,S. 
These Cu* ions reach the accumulation surface® 
developing a Cu-compensated i-CdS layer, thus 
reducing gradually J,. and V,. of the cells. That a Cu- 
compensated i-CdS layer is present even in our freshly 
prepared ceramic cells is manifested from the C — V 
characteristics (Fig. 3), which are similar to those of 
MOS structure devices'*. Except for hydrogen-treated 
cells where capacitance decreases with reverse bias, all 
other cells show an increase or no change in 
capacitance with reverse bias. 


\  ----Fresh cells 14 i ee é 
, —-—-Degraded cells (. 


-06 -04 -02 ° 


BIASED VOLTAGE, V 


Fig. 3—Variation of (barrier) dark capacitance of different cells 
before and after degradation with both forward and reverse bias 
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The presence of oxygen impurity in the grain 
boundaries enhances the rate of Cu* ion diffusion. 
Removel of trapped oxygen by vacuum annealing and 
low pressure sintering retards the rate of Cu” ion 
diffusion along the grain boundary and consequently 
check cell degradation. The role of impurities like In, 
Zn and H in reducing cell degradation rate is probably 
different. All these impurities acting as shallow donors 
contribute thermally ionized electrons and diffuse 
rapidly through the grain boundaries. A general 
theoretical analysis about the role of the built-in field 
and its direction on the diffusion of Cu* ions has been 
carried out with the help of a single grain-structure 
model®. 

3.2 Role of Built-in Field on Cu* Diffusion 
Theoretical Analysis’ 

Fig. 4 shows the array of parallel grain boundaries 
lying perpendicular to the accumulation surface. 
Accumulation surface has been assumed to have a 
finite capacity and finite diffusion coefficient (D,) with 
effective thickness (W,). The grain boundaries are 
represented by thin rectangular slab of uniform 

_ thickness (W,) having a constant diffusion coefficient 
(D,) and mobility ,. Assuming an electric field (E) 
being present along the grain boundaries as shown in 
Fig. 4, the diffusion equation for a ecealdocay charged 
diffusing species in the grain boundaries° is 


SpE poo, ) 


zs , “idk. = 1S p< nce) 
ee o-- whee ithe concentration of the diffusing species in 
: boundary and / the distance of separation 
a source and the accumulation surface; 
a i and * the accumulation surface is 


aa oie for 0<x<b- 


-(7) 
tion no the diffusing species in 


a — ; 
(Vs Migs 
ij 
$ fy yz 


ei pt, El S 0,W, b 
c= exp(— ME) — 5 dap. ipassin MPa 


El 
x exp | ~ sia exp [—D,B7t] 


/ [A ymCOS (By lOm)-COS(KBmb) 


+ Ajm Sit (Bm! Om) COS (k Bmb) 
+ A3mCOS (Bm! 9,,) sin (kB nb) 


+ Agm Sin (By! 8) Sin iba man :)) 
where R=4W,D, 
S= WD; 
Om = [1 — wp E?/4D5 Br)? ..(9) 
oh On Oe 
C6 CIC ye - 
k =(D,/D,)!/ 


and C, is assumed as constant source concentration, ¢ a 
and o’ are segregation ratio with 
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Fig. S—Time dependence of C, with the electric field for the case 
when D, > D, 


boundaries in CdS-Cu,S solar cells. In the case of 
hydrogen-treated cells, the rate of degradation is 
observed to be even less than that for In and Zn doped 
cells. This is perhaps due to the additional effect of 
hydrogen treatment generating a large number of 
sulphur vacancies at the CdS surface layer. These 
sulphur vacancies compensate for any copper 
vacancies resulting from the Cu ion diffusion from the 
top surface down the grain boundary and the deviation 
from stoichiometry is thus kept minimum in this case. 
Table 1 shows the improvement inJ,. values from 7.8 to 
15.0 mA/cm? and in V,. values from 410 to 540 mV. 
The improvement in fill factor is also remarkable. 


4 Conclusion 

Before fabrication of the cells, different CdS layer 
treatments such as vacuum annealing, low pressure 
sintering and suitable impurity incorporation have 
been found effective in view of their initial performance 
and reduction in degradation compared to untreated 
cells. In low pressure sintering and vacuum annealing, 
narrowing of grain boundaries due to better packing of 
grains compared to untreated cells (Fig. 6) and also the 
removal of oxygen impurities from the grain 
boundaries slow down considerably the rate of Cu* 
ion diffusion, and consequently retard cell de- 
gradation. On the other hand, doped impurities like In, 
Zn and H in CdS layer act as shallow donors and 
contribute electrons to some of the acceptor states in 
the grain boundary region, thereby reducing N D eft The 
degradation of the cells is arrested significantly 
presumably through the development of a retarding 
built-in field arising out of the concentration gradient 
of the ionized impurities from the top surface of the 
CdS layer’’. 

Out of all the impurities incorporated, hydrogen 
proves to be most beneficial probably because it enjoys 
an additional advantage of producing sulphur 


Fig. 6—SEM photographs of CdS layer sintered at (a) 800°C, 3 hr, 

vacuum annealed (pressure ¥ 5 torr), (b) 600°C, 14 hr, low pressure 

(pressure © | torr), (c) 800°C, 3 hr, conventionally sintered (pressure 
~ 2 atm) 


vacancies at the surface of CdS through the formation 
of HS. These sulphur vacancies help in increasing (a) 
the mobility (4) of CdS layer, and (b) the retarding 
built-in field, which opposes Cu* ion diffusion through 
the grain boundary. For quantitative investigations of 
these effects, further studies are necessary. 
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Tellurium thin films obliquely deposited by vacuum evaporation method on to Corning 7059 glass substrate at a pressure of 
5 x 10° * torr have been found to be optically anisotropic. A study of the reflectivity in the visible region of electromagnetic 
Spectrum has been made as a function of angle of incidence (W), wavelength of light (A), thickness (t) of the film and deposition 
angle (4) of the film. It is observed that the films develop a coarse structure as f or 0 increases. When the illumination of the film is 
with polarized light, the reflectivity of the film has different values for directions of the light vector parallel and perpendicular to 
the direction of deposition. This is explained on the basis of ‘self-shadowing’ effect which occurs during deposition. In obliquely 
deposited films, the growing crystallites cast shadows behind them and they grow in the direction of the vapour beam. A light 
beam passing through such a film, sufferes greatest absorption and transmission and minimum reflection when the electric 
vector is parallel to the long axis of the crystallites. Accordingly, the obliquely deposited films are optically anisotropic. The 
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anisotropy in reflectivity of tellurium films increases with the increase in 9, and is negligible for films deposited normally. 
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Fig. 2—Instrument for measuring reflectivity of thin tellurium films 
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Telescope 


Monochromatic Direction of electric 
filter 


Mercury 
light source 


Polarizer Te-film free for ratation 
in a vertical plane 


Condensing lens Collimator 


Fig. 3—Schematic diagram of the experimental set-up for 
determining reflectivity anisotropy of Te-film obliquely deposited (W 
= 45°) 


reflected beam of light. The PM tube is mounted in 
a light proof enclosure and attached to the telescope of 
the spectrometer replacing the eye piece. The 
photocathode of the PM tube is adjusted and exposed 
to the image formed at the telescope end. 

For measuring the current which is proportional to 
the intensity of light, a dc microammeter of the range 0- 
500 A is incorporated in the Output circuit of the PM 
tube 

Fig. 3 shows the experimental arrangement for 
studying the anisotropy of reflectivity. A polarizer is 
attached to the collimator of the spectrometer and the 
film is fixed on a holder which can rotate the film 
around a vertical plane. 


3 Adjustments and Measurements : 

For the arrangement of Fig. 2, filters (supplied by 
Carl Zeiss Jena, Germany) of different wavelengths as 
shown in Fig. 4 have been used. The film coated 
substrate is fixed in the holder of the prism table of the 
spectrometer. The height of the prism table is adjusted 
to make all the light fall normal to the film surface. The 
prism table can be adjusted for the required angle of 
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Fig. 4—Reflectivity of films as a function of 8 for various values of A 
[t= 450A, y = 45°] 


incidence of light beam at the film surface. The PM 
tube with its telescope arm can be rotated to receive the’ 
reflected light from the film surface. The PM current 
corresponding to incident and reflected light is 
measured to determine the reflectivity of the film. 

The experimental arrangement of Fig. 3 is used to 
measure the anisotropy of reflectivity. Films deposited 
at angles 0, 30, 45, 60 and 75 deg having a thickness of 
450 A in each case are used. Each film is fixed vertically 
on the prism table and the incident light made an angle 
of 45° with the film surface. A provision is also made to 
rotate the film about the normal to the surface of the 
film. The film is rotated on an interval of 30° for full 
rotation that is 0° to 360° and the intensity of reflected 
light was measured at each angle. 


4 Results and Discussion 
The various factors influencing optical reflectivity 
are discussed in the following different subsections. 


4.1 Effect of Angle of Incidence of 
Monochromatic Light 

Fig. 5 shows the relation between the reflectivity of 
tellurium thin film and the angle of incidence of (W) of 
monochromatic light beam. The reflectivity of the film 
increases with the increase in angle of incidence of light 
beam for different deposition angles (0). The 
mechanism of the reflection in the oblique incidence 
film has been discussed by Holland®*° and this type of 
reflectivity is named as specular reflectivity. It is 
suggested”! that the reflectivity increases with the 
angle of incidence of light beam and our results are in 
confirmation with this observation (Fig. 5). 

The nature of dependence ctivity on the | 
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Fig. 5—Change in reflectivity of tellurium thin films with the angle of 
incidence (W) of light beam for various values of 6 [t = 450A anc A 
= 5460 A] 


crystallites of the film deposited at an oblique angle 
changes with the deposition angle. This change in 
elevation is introduced by the self-shadowing effect 
that occurs during the oblique deposition as shown in 
Fig. 1(b). The growing crystallites prevent the 
impinging atom from reaching the substrate where the 
crystallites cast shadows leaving undeposited areas 
shown as shadowed region in Fig. 1(b). Hence, in 
forming a film, all the crystallites grow long, crosswise 
to the direction of deposition. When the deposition 
angle is larger, the crystallites grow more inclined; 
therefore the areas of the boundaries become larger 
and the crystallites are considered to touch one 
another more loosely. 


80 


75 


Reflectivity x 102 
N 
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® 
uo 
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Yy, deg 
Fig. 6—Reflectivity of films as a function of w for various values of A 
[t = 300A, 0=45°] 


4.2 Effect of Wavelength of Incident Light 

Fig. 6 shows the change in reflectivity with angle of 
incidence W for different wavelengths of light. The 
reflectivity of tellurium film increases with the increase 
in wavelength of incident light. This is in accordance 
with the result of Holland’ where a surface having 
lower reflectivity for shorter wavelengths will show 
higher reflectivity for longer wavelengths. 


4.3 Effect of Deposition Angle 

The reflectivity as a funciton of @ is shown in Fig. 4 
for different wavelengths of light and in Fig. 7 for 
different W of monochromatic light. From Figs 4 and 7 
a difference in the reflectivity is found for different 
values of @. It is clear from Figs 4 and 7 that the 
reflectivity of tellurium films decreases as @ increases. 
This suggests that as @ increases, the areas of the 
shadowed region also increases. In such films the 
transmission and absorption increases resulting in low 
reflectivity. We may say that the surface of a film 
prepared by oblique incidence evaporation becomes 
more coarse as @ increases. 


4.4 Thickness Effect 
Fig. 8 shows the relation between reflectivity and 


of light beam for different film thicknesses keeping 9 of 
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Fig. 7—Reflectivity of films as a function of 8 for various values of y 
[A =5460A, t=450A] 
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_ be maximum (as compared to other 
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4.5 Effect of Rotation of Films when Light is 
Polarized (Optical Anisotropy) 

Tellurium films, obliquely deposited, are sheen to 
exhibit optical anisotropy when polarized light is 
incident on it; the reflectivity is found to depend on the 
orientation of electric vector of the incident light. 

R, /R\ factor is a measure of anisotropy of a film, 
where R, and Ry, are the reflectivities of film 
perpendicular and parallel to the long axes of the 
chains of the film. These chains are the results of 
columnar growth of the film formed during oblique 
deposition’. In oblique incidence film, the tendency 
for the grains to grow in the direction of the vapour 
beam causes the interstices (shadow region, or 
interspace between the crystallites) also to tilt in that F 
direction. This explains why oblique incidence films are . 
considerably transparent when the film is viewed with 
the light rays almost parallel to the vapour beams. A 
comparatively larger proportion of the light will pass 
unabsorbed through the interstices with a maximum at 
the angle of incidence where the interstices and | g 
direction coincide. Similarly, the absorption. will < it ~ 


P| 
Oy ee OP eee 


incidence of light beam) because the ligh | may 
multiply reflected in the shadowed region, theret 
suffering more absorption. 
Fig. 9 gives the variation of re 
films with the ditetionafeletricve 
jatar _ bid 


= 
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5 30 45 60 75 
Deposition angie 6, deg 
ae ~Batage of ‘perpendicular’ reflectivity (R,) to the ‘parallel’ 
ity (Ri) as a function of @ (Error in the measurement of 
reflectivity is +0.0036,) 


with the as tele of a polarizer and 


iaited relhudiust film has dierent values 
‘Parallel and perpendicular to the 

: tion. Therefore, light when passing 
h a film of oriented long crystallites, shows 


nsmission and ae when the — 


2. The relectivity of tellurium films increases with 
the increase in wavelength of the incident light. 

3 The reflectivity of the films decreases as the angle of 
deposition increases. The asymmetrical nature of 
reflectivity suggests that the crystallites of the films 
deposited at an oblique incidence are asymmetrical in 
structure. 

4. The reflectivity also decreases with the increase in 
film thickness. This appears to be due to the i increasing 
columnar growth in thicker films which introduces 
larger shadowed region. 

5. The reflectivity of Te films depends upon the 
orientation of the electric vector of the incident plane 
polarized light. When a light beam passes through a 
film of oriented long crystallites, it shows maximum 
transmission when the electric vector is parallel to the 
long axis of the crystallites and hence the minimum 
pe 

6. The anisotropy of reflectivity increases with 
increase in the deposition angle of the film, and is 
neepeible for films deposited normally. 
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Recent work on dielectric properties of semiconducting As-Ge-Te and Se-Ge-Te glasses has been critically examined wee 
view to highlighting the problems associated with dielectric measurements for glasses having large pices 5 
theoretical and experimental results, reported in this paper, provide an evidence of weak dielectric dispersion in these g rue 
large variation of dielectric permittivity with respect to temperature and frequency, as reported earlier, appears to be primarily 


due to imperfect contact. 


1 Introduction 

In our recent communications!’”, we have reported 
dielectric parameters for a variety of As-Ge-Te and Se- 
Ge-Te alloys. All these glasses displayed almost a 
similar behaviour of dielectric constant with respect to 
temperature and frequency. A typical example of 
As,oGe,5Te75 is shown in Fig. 1. Our results for some 
silver-doped As, oGe,;Te7; glasses? also showed the 
same trend, ie. the dielectric constant remained 
independent of temperature and frequency at low 
temperatures but, as the temperature was increased 
beyond the room temperature, a strong dielectric 
dispersion (> 100%) was observed for all the materials 
at frequencies 0.5 to 5.0 MHz. A large change of more 
than a factor of two (Fig. 1) in relative permittivity for 
all the glasses emphasizes the need for acritical analysis 
of the sample-system, particularly when all the 
materials‘ ° have a relatively large conductivity 
(10°°-10°*Q~'-cm~*) and the measurements were 
made without coating the samplet. Guillaud et al.4 
also reported strong dielectric dispersion around 
1 kHz at room temperature for the uncoated samples of 
selenium. Incidentally, their samples also had 
conductivity ~ 10° °Q~'-cm~'!. Similarly, Tsugane et 
al.° observed strong dispersion in kHz-MHz range for 
As-Te glasses which had dc conductivity lying between 
10°* and 10° °Q~!-cm~!, Incidentally, these authors 
also made measurements on uncoated samples. 

It is well known that an imperfect contact gives rise 
to spurious dielectric dispersion in cases of conducting 


** Present address : Department of Physics, M D University, Rohtak 


t Electrode elements are well known to diffuse into these materials. 
Therefore, uncoated samples were preferred to avoid errors due to 
migration of these elements, particularly when Measurements are 
made at higher temperatures. This obviously resulted in an imperfect 
contact between electrodes and the surface of the sample. 


216 


Experimental (Ref. 3 ) 


o 05 MHz 
1:0 MHz 
2-6 MHz 
5:0 MHz 


83 193 233 273 313 
Temperature (K) 


Fig. 1—Variation of dielectric permittivity (é’/€9) with 
temperature and frequency for the uncoated sample of 
semiconducting alloy As, oGe,;Te7s 


materials. One can, therefore, utilize the known 
concepts for a quantitative estimation and a critical 
examination of such spurious dielectric dispersions in 
case of semiconducting glasses. Tne present work is an 
effort in this direction. 


2 Theoretical Considerations 

From Fig. 2 (a and b) the uncoated sample can be 
considered® to be equivalent to a system consisting of 
(a) the sample material having conductivity o,,and real 
dielectric constant ¢,, and (b) air-film having dielectric 
constant €,(=€, permittivity of free space) and 
negligibly small conductivity ¢,(~0). The sample 
material, can therefore, be characterized with the 
complex dielectric constant ¢, =e’ —io,/w and the 


system of Fig. 2(b) would behave as if the material had a 
dielectric constant given by: . 


c= _(€1 —io,/m)e, 
(e; — aah 73 fi 
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Ca rao 
2 2 
Cc 
% 0 bey iG 
(a) (b) 


Fig. 2(a)—Schematic diagram of 
an uncoated sample [C, repre- 
sents the capacitance of the air 
film; C, and o, are the 
capacitance and the conduc- 
tivity of the material 
respectively. ] 


Fig. 2(b)—Equivalent circuit of 
the system shown in (a) [d, and 
d, are the thicknesses of the 
material and air (film 
respectively. ] 


where f, =d,/(d, +d.) and f, =d,/(d, +d) 


Eq. (1) predicts that: 
(a) If @ +0 (condition for static dielectric constant), 


E> &, = €3/ fr ...(2) 


(b) If @—oco (condition for optical dielectric 
constant), 
ee, ~— 2 ae.) 


Pes fa + Enh 


From Eggs (1)-(3), it follows that: 


i ee) 
S—e, l+iowr 
where ee | Bees SS 


The above analysis shows that a system of the type 
shown in Fig. 2 would appear to behave like a dipolar 
system because Eq. (4) is a typical equation for a 
dielectric system consisting of molecules having a 
relaxation time t. Rationalizing Eq. (1), we obtain: 


»_ ioe fi erlei fo + &2f,) | ey 
Sh Gta + oh) + 2-1/0" 


which has the following implications : 


(a) If the conductivity of the sample material is small 
(<10~7Q7'-m~'), or measurements are carried out at 
high frequencies (> 10° Hz), then Eq. (6) will reduce to: 


¢=————— 
es fo + ech 


Further, if the volume fraction (f2) of the air-film is also 
very small [see Eq. (12)], then the apparent (measured) 
value of dielectric constant (¢’) will approach the true 


value, i.e. 


‘other words, for materials having low 
tivity, the existence of an imperfect contact will 


€1€2 AD) 


not seriously affect the measurements even if an 
uncoated sample is used. 

(b) If the material has a large conductivity (say 

~10°'Q”'-m~'), or measurements are carried out at 
relatively low frequencies (say <100 Hz), then the 
factor (f20,/@) will be much larger than (e; f, + € f,) 
and therefore, 
& = &5/ fy ...(8) 
Eq. (8) reveals that, under such a circumstance, the 
apparent value (¢’) will be not only quite large but could 
also tend to be independent of e;. 

Our results for As-Ge-Te and Se-Ge-Te glasses 
indicated a large variation in their conductivity 
G02) ams to. 107 107 4a 9 when: the 
temperature was raised from 83 to about 340 K. A large 
change in conductivity was mainly observed above 
room temperature. Obviously, therefore, the uncoated 
samples of such materials should show a large 
variation in €’ with increasing temperature. According 
to Eq. (6), this spurious behaviour should occur when 
the magnitudes of the factors (f,¢,/m) and (ef; 
+ €, f,) become comparable. 

In order to make a quantitative analysis, one can 
solve Eq. (6) by substituting €, = €9, €; = (12.2 €9)* and 
f; =(1 — f,) into Eqs (6) and (7) which respectively 
become: 

S,U(E1/€0)? — &/€0] + €1/€9 + fo(o1/e0@)? 

= @'/eo(1 + f2(€1/€ — 1)? +2 f,(€1/€0 — 1) 

+ (fz 01/€@)"] --.(9) 
and 

€;/&9 — 12.2. ky — 12.2 
f= 122let fog A) 12-21) 
Using our experimental results at 0.5 MHz (Fig. 1), we 
note that ¢’/é, = 12.2 at 83K and &'/ép = 20.4 at 293K. 
The values of o, at these temperatures have been found 
to be 10°*Q-!-m~! and 9.93x10~*Q7!'-m™! 
respectively. Subsitution of these values in Eq. (9) and 
the use of Eq. (10) after a rearrangement gives a 4th 
degree equation in k}, i.e. 
kit — 2k3 + 1181.4 k? — 52262.3k, + a! 
=(0 mye 


where kj, =6€)/€ 

Of the four roots, two are found to be complex and 
hence meaningless, because k, is the real value of 
dielectric permittivity. The remaining two roots are 
12.2 and 18.13. The former value demands that /2 
should be equal to zero [Eq. (10)] and, therefore, is not 
of interest for the system under study. We considered 


...(10) 


*The reported value of 12.2 of the relative dielectric constant (Ref. 3) 
corresponds to that at liquid nitrogen temperature (i.e. 0, very small) 
and justifiably, therefore, it is taken to be true value according to 
criterion (a) mentioned above. 
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only the second root (= 18.13) and calculated the 
volume fraction (f,) of the air film by using Eq. (10) 
which gives: 
fo = 9.0285 


These calculated values of k and f, were fed back to 
Eq. (6) which, after substitution of &, = & and f; = (J 


Hh2) 


— f,), becomes : 

1.447 
SS SS (13) 
eleo=35|1 2.218 — 


Eq. (13) can be used to predict the behaviour of 
apparent (measured) dielectric constant at a given 
frequency (/) if o, is known at different temperatures. 


3 Results and Discussion 

The validity of the implication of Eq. (6) was checked 
by estimating the magnitudes of the factors (/,9,/@) 
and (¢, f. + €>/,) which were found to be of the same 
order around room temperature for all the glasses at 
the frequency of operation. Quoting the result of 
As,oGe,5Te7;, for example, we took o, = 10° *?Q7'- 
m_! (Ref. 7), f; = 0.02 [Eq. (12)], ¢ = 12.2&, f= @/2n 
= 0.5 MHz and found the values of the factors to be of 
the same order, i.e. 6.36x10~!? and 10.83x 10 !? 
respectively at room temperature. Obviously, 
therefore, one would expect an appreciable dispersion 
even around room temperature. Fig. 1 confirms this 
finding. 

Similarly, one can predict the apparent value of 
relaxation time (t) by using Eq. (5). Substituting ¢, = é 
(air film), é, = 12.2€9,0, = 10°°Q7'-m~', and f, = 0.02 


in Eq. (5), the value of t comes out to be ~5x 1077s. ° 


Our experimentally reported values of t (Ref. 2) for 
these glasses do fall in the range 10 -°-10~’s. Also, 
according to Eq. (5), t < 1/o, and therefore the values 
of t should decrease with increasing conductivity. The 
results, shown in Table 1, do support this observation. 
One can see that with increasing temperature (ic. 
increasing conductivity), the value of t decteases for 
almost all the glasses of As-Ge-Te and Se-Ge> 

As mentioned earlier, Eq. (13) can be used to find the 
variation of & with respect to fréquency 
temperature for a sample system, having an imperfect 
contact, if the conductivity of the material is known at 
the desired temperature. Such calculations have been 
made for all the alloys of As-Ge-Te and Se-Ge-Te. As 
an example, results for As,oGe,;Te>s are los in Fig. 

l 


3. Similar results were obtained for other loys of As- 
Ge-Te and Se-Ge-Te. A fair agreement tween the 
calculated and experimental results Suggests that such 
a strong dielectric dispersion, as observed experimen- 
tally, is primarily due to imperfect contact. It is difficult 
to assess the extent of contribution of the material to 
the observed dispersion. However, some inferences can 
be drawn by way of the following observations. Fig. 3 
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Values of t and « at Different 
Table 1—Experimental ps 
semen for Various Alloys of As-Ge-Te and Se-Ge Te 


Material Temperature Macroscopic Distribution 
ateri 


(K) relaxation parameter 
time (T) (a) 
s 
283 2.47x 10° ° 0.29 
see 293 1.08 x 10° ° 0.34 
303 7.61x10~7 0.41 
As;Ge,51€so 283 1.18 x 10° 0.35 
293 — st 
303 2.92x 107’ 0.42 
283 1.01x 10° 0.34 
meee 293 3.84 1077 0.42 
303 1.86 x 107° 0.53 
ss 0.23 
As;Ge,ole 283 2.24 x 10 
ae 293 9.79 x 1077 0.31 
303 3.66 x 1077 0.39 
Sas 0.37 
SexoGe2oTe 333 5.61 x 10 
ee 343 7.717 x1077 0.46 
353 5.04 x 107’ 0.52 
Se,;Gezoles5 333 1.38 x 107 < 0.50 
343 481x10~° 0.57 
353 5.58 x 1077 0.64 


Experimental (Ref.3): --=<<= 
Theoretical : (Present Work) 


© OS MHz 
4 1.0 MHz 
e 26 MHz 
4 5.0 MHz 


83 193 233 273 


Temperature (K) 


313 


Fig. 3—Variation of dielectric permittivity (e’/eo) with 
temperature and frequency for the uncoated sample of 
semiconducting alloy As,oGe,;Te7;. Dashed curves 
are the experimental curves, and the data points are 
the calculated values obtained by using Eq. (13). 


reveals that even at room temperature, there is a strong 
dispersion (~ 100%). We measured the resistance of 
our As;oGe,sTe7; sample at room temperature and 
found it to be ~50kQ. We, therefore, replaced the 
sample system of Fig. 2 by a similar (but not exactly 
my hn R-C network shown in Fig. 4(a), which had 
a Metal resistor in place of glassy alloy. The network 
consisted of a metal oxide resistor of ~ 50 kQ (in place 
of As-Ge-Te sample) and polystyrene lossless 


capacitors in place of C, and C,. Frequency - 


dependence of the real and imaginary parts of complex 
capacitance was studied at room | 
network and the results (in the 

Plot) are shown in Fig. 4b). 


. 
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316k Hz introduced due to imperfect contact in an uncoated 
sample if the material has low conductivity. 

The above discussion indicates that As-Ge-Te and 
513k 98-2 pF Se-Ge-Te glasses, in the absence of an imperfect 

, contact, should display a weak dispersion in the rf 

range. However, the experimenter remains in a 

dilemma while studying the dielectric parameters of 

; semi-conducting glasses having large conductivity, 

200 300 400 i 700 800 900 ee particularly when the measurements are to be made at 
coy higher temperatures and in the kHz-MHz range. A 

coated sample introduces error due to diffusion of 
electrode elements into the material, whereas an 


Fig. (o)—F daouas ANS imperfect contact in uncoated samples leads to an 
requency dependence of the real and imaginary parts of enhanced dispersion. Incidentall 
_ complex capacitance for the R-C network of Fig. 4(a) Pe y, not many dielectric 


<r data are reported in the literature for such glasses and, 
ae saasieited to the author (KKS) by Prof. N Koizumi of therefore, one cannot make even a comparative study. 
Kyoto University, Japan. The semicircle, thus 

} d, indicates the distribution parameter («) to be Askouwicigenent 


“4g The authors are grateful to Mr S R Ovshinsky 
) ates we obtained finite values of « for all the signee 
Beat hee Te aud SeGeTe lece Table‘). President, Energy Conversion Devices Inc., USA, for 


ot bvio ssly, it indicates that the two systems [Fig. 2(a) gifting them the semiconducting alloys of As-Ge-Te. 


cs d Fie 4 4(a)] are not identical and therefore, the One of the authors (KKS) is grateful to the German 
for these i oe += are not 


s, Fig. 4(a}—R-C network with a metal oxide resistor (R) and 
polystyrene (lossless) capacitors (C, and C,) 
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Infrared and Raman spectra of p-fluorobenzyl alcohol are recorded in the region 4000-200 cm ~ : Assignments of all the 
observed frequencies are proposed and thermodynamic functions calculated for a few temperatures in the range from 100 to 
1500 K. The depolarization ratios of the Raman bands suggest a C, symmetry for the molecule with the CCOH plane parallel to 


the plane of the phenyl ring. 


1 Introduction 

Vibrational spectra of benzyl halides'~> and 
halogenobenzyl halides***~* had been the subject of 
many .investigators. Assignments of the vibrational 
spectra of benzyl alcohol® and the compounds p- 
CNC.5H,CH,Z, where Z = OH, CN, Cl or I were also 
reported ’. Most of the studies were carried out in order 
to interpret the vibrational spectra of benzyl metal 
halides in the regions 1800-400 cm~! (Ref. 2) and 650- 
200 cm“ (Refs 3, 4). Although the vibrational spectra 
of benzyl compounds were studied by many 
workers'~’ earlier, a full interpretation for the 
complete spectrum was available only for p- 
fluorobenzyl chloride® and benzyl alcohol®. This paper 
presents the results of an investigation of the 
compound p-fluorobenzyl alcohol (p-FBA) in which 
the aim is to identify the observed frequencies in the 
infrared and Raman spectra of the compound and to 
ascertain the approximate symmetry of the molecule 
with the help of the depolarization ratios of the Raman 
bands. 


2 Experimental Details 

The compound p-FBA was procured from Chemical 
Dynamics Corp., New Jersey and was used without 
further purification. The infrared spectrum of the liquid 
sample was run several times on PE 580 infrared 
spectrophotometer in CsI liquid cell of 0.025 mm 
thickness. The Raman spectrum was excited by the 
4880 A line of a Spectra Physics Model 164 argon ion 
laser and was recorded on Coderg PHO spectrometer. 
The spectrum was recorded once with the laser 
polarized vertically and once with the laser polarized 
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horizontally. The infrared and laser Raman spectra are 
reproduced in Figs 1 and 2 respectively. 


3 Results and Discussion 

It has been reported that the substitution of a 
hydrogen atom in the methyl group of toluene? and p- 
halogenotoluene*? by a halogen atom reduces the 
overall symmetry of the molecule. Depolarization 
ratios of the Raman bands in the spectra of benzyl 
halides and p-halogenobenzyl halides indicate a C 1 
symmetry for the molecules. Similar observations were 
also made in the case of p-fluorobenzyl chloride®. 
However, in the present investigation, the de- 
polarization ratios of the Raman bands in the spectrum 
of p-F BA suggest that the molecule has approximately 


TRANSMIT TANCE (%e) 
Ld 
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3000 2000 1600 1200 800 


WAVE NUMBER (em=!) 
Fig. 1—Infrared spectrum of p-fluorobenzyl alcohol 
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Fig. 2—Raman spectrum of p-fluorobenzyl alcohol 
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C, symmetry. The molecule may have either of the two 
conformations: (a) FCCOH plane parallel to the 
phenyl ring or (b) FCCOH plane perpendicular to the 
phenyl ring. The fundamental vibrations exclusive of 
those associated with the substituent divide into (21a’ 
+ 9a")/(17a' + 13a”) in conformation with (a)/(b). In 
conformation (a), 21a’ and 9a” modes will consist of 
lla, + 10b, and 6b, + 3a, modes respectively of C3, 
symmetry. In conformation (b), the 17a’ and 13a” 
modes will comprise lla, + 6b, and 10b, + 3a, modes 
respectively of C,, symmetry. Normal vibrations 
associated with the substituent comprise 7a’ + 5a’ 
modes in either of the conformations. 

The most appropriate way of interpreting the 
vibrational frequencies of p-FBA is to consider it as a 
derivative of the corresponding p-fluorotoluene. In 
Table I are presented the assignments of p-FBA along 
with the assignments of p-fluorotoluene® and _p- 


Table 1—Assignments of Fundamental Frequencies (in 
cm » of p-FC,.H4CH2Z 


Assign- Mode Z: H Cl OH 
ment Wil- (Ref. 8) (Ref. 5) 
son IR IR IR Raman 
No. 
a’ a, (CH) 2 3068 3073 +3055 m_ 3058 sh 


v(CH) 20a 3065 3045 3020 w 
v(CC) 8a 1603 1607 1602 vs 1606 p 
v(CC) 19a 1513 1512 1508 vs 1515 p 
v(CX) 13 1224 1225. 1220 vs 1224 p 
v(CX) 7a 1214 1207 (1210) 1208 sh 
B(CH) 9a 1157 1160 1155s 1160p 
B(CH) 18a 1017 1016 «61010 s_—s- 1012 p 
Ring 1 842 851 8850s 852p 
Bicc) 12 728 732 705w 708 p 
B(CC) 6a 455 474 482 w 488 p 
b, v(CH) 20b 3040 3073 3080 m 3075 p 
v(CH) 7b 3040 3005 3010 sh 3010 p 
v(CC) 8b 1592 1602 (1595) 
v(CC) 19b 1435 1416 1418 m_ 1420 p 
v(CC) 14 1321 1305 1315 w 
B(ICH) 3 1300 1295 1295 w 1298 p 
B(CH) 18b 1099 1097 1095 m 1100 p 
BICC) 6b 638 635 636w 636 p 
BICX) 9b 424 421 420w 424p 
B(Cx) 15 313 302) ) :330-w: 332 p 


a” db, 1CH) 10d 929 912, 935 w 940 dp 


il 817 836 ~—-830 sh 
CO) 4 695 690 690 w 
WCC) 16b 502 524 S60 m 560 dp 
342 «355 320 w 
(CX) 17> 158 = 204-250 w 248 dp 


See ein CH) (XTi © 956 ~ 940," 1965 sh 960 dp 


* (CH) 10a 810-830. 820 vs_ 825 p 
(CC) 16a 404421 MOD vw 396 Pe 
ning; B= in-plane bending; y= out-of-plane bending; s 
- ys = very strong; m = medium; w = weak; vw = very weak: 
“p= polarized; and dp=depolarized. Figures in 
a e. ‘ 1 P 
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fluorobenzy! chloride’. In making the assignments, 
guidance has been taken from comparison with the 
assignments of similar  para-substituted _ ben- 
zenes”’’ '°. The numbering of corresponding modes 
of vibration of benzene has been made following 
Wilson'* and the approximate description is that of 
Whiffen'*. The assignments of the vibrations of the 
methylene and hydroxyl groups are given in Tables 2 
and 3 respectively. 


3.1 Vibrations of Aromatic Ring 

In p-FBA 21 modes (15a’ + 6a’)/(10a’ + 11a”) are 
insensitive to substitution. Their assignments follow in 
a straightforward way from those of other para- 
substituted benzenes. These assignments are self 
evident and require no further discussion. 

The remaining 9 modes (6a’ + 3a”)/(2a' + 7a”) are 
sensitive to the mass and nature of the substituents and 
are discussed below. It may, however, be noted that 
these vibrations are strongly coupled; therefore calling 
them as stretching and bending vibration is only an 
approximation. 

Four of the substituent sensitive modes fall in the a, 
symmetry class. These represent two ring-substituent 
stretching modes 7a and, 13 and two in-plane ring 
deformation modes 6a and 12. In case of p-FBA, the 
last three vibrations are assigned to the infrared 
frequencies 1220, 482 and 705 cm *. The correspond- 
ing Raman frequencies 1224, 488 and 708 cm! are 


Table 2—Assignments (in cm‘) of Methylene Group 
Vibrations of p-Fluorobenzyl Alcohol 


Assignment IR Raman 
a” CH, asym. stretching 2940 m 2940 p 
a’ CH, sym. stretching 2885 m 2880 p 
a’ CH, in-plane bending 1460 m 1465 p 
a’ CH, wagging 1330 vw 

a” CH, twisting 1280 vw 1280 vw 


a” CH, rocking 760 m 760 dp 
For abbreviations see footnote in Table | 
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Table 3—Assignment of COH Group Vibrations (in cm~") 
of p-Fluorobenzyl Alcohol 


Assignment IR Raman 
a’ v(OH) monomer 3610 w 

a’ v(OH associated 3340 vs, vb 

a B(OH) 1365 m 1368 p 
a’ v(C—OH) 1035 s,b 

a’ y(OH) 600 vw 

a p(C—OH) 380 w 380 sh 
a” C—CH,OH torsion (150) 


For abbreviations see footnote in Table 1. The summation bands are 
2450:2 x 1220, 2260: 1155+ 1095, 2062: 1035+ 1020, 1890:965 
+935, 1860: 2 x 935, 1820: 1010 + 820, 1770: 1010 + 760, 1020: 600 
+ 420. 

Tet ae oe a canner earmaas o 
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polarized. In substituted benzenes, with a substituent 
having a carbon atom adjacent to the ring, mode 7a 
occurs in the region 1200 cm“ ' (Refs 5, 7-10). In benzy! 
alcohol, the C—X stretching vibration is placed at 
1208 cm™'.’ In the infrared spectrum of p-FBA, this 
vibration is probably masked by the strong CF 
stretching mode 13. However, this vibration is 
observed in the Raman spectrum at 1208 cm“. 

Two of the substituent-sensitive modes fall in the b, 
symmetry class and should approximate ring- 
substituent in-plane bending modes 9b and 15. In p- 
fluorobenzene derivatives, mode 9b is predominantly a 
CF bending vibration and shows a marked constancy 
at about 420 cm * (Refs 5, 8-10). Accordingly, the 424 
em‘ infrared frequency and the 420 cm™! polarized 
Raman band are assigned to the CF in-plane bending 
mode 9b. The second in-plane bending mode 15 is 
identified with the 330 cm ' infrared frequency with a 
Raman counterpart at 332 cm ?. 

Two of the three b, substituent sensitive modes are 
ring-substituent out-of-plane bending modes 5 and 
17b. The former is placed at 320 cm~! in the infrared 
spectrum of p-FBA. Mode 17b is highly sensitive to the 
substitution in the methyl group. For the substituents 
Z =H, Cland Br, this vibration is reported at 158, 204 
and 180cm “' respectively*. In p-FBA, the mode 17b is 
identified with the infrared frequency 250 cm~!. The 
corresponding Raman band at 248 cm™' is 
depolarized. The third substituent sensitive mode 16b 
of b; symmetry class is approximately an out-of-plane 
ting deformation. In para-substituted benzenes, the 
frequency of this mode appears as a medium intensity 
band in the region 446 to 552 cm~! (Ref. 13). The 
medium intensity 560 cm~! infrared band in p-FBA 
has a depolarized Raman counterpart. No satisfactory 
interpretation exists for it other than as a fundamental 
and the only obvious assignment available for it is 
mode 16b. 


3.2 Vibrations of Methylene Group 

Majority of the methylene group vibrations could be 
located without ambiguity. The CH, asymmetric and 
symmetric stretchings, the CH 2 in-plane bending and 
the CH) rocking vibrations can be readily identified 
with the infrared frequencies 2940, 2885, 1460 and 760 
cm “ respectively. Their counterparts in the Raman 
Rea wise, 2880, 1465 and 760 cm~! 
respectively. Whi first three are polarized, the last 
is depolarized. The difficulty, however ane in the 
identification of the wagging and twisting vibrations 
because of their weak absorption. The CH, wagging 
frequency in CH,X compounds depends on the nature 
of the substituent X (Ref. 14), In associated primary 
alcohols® '* it absorbs weakly near 1330 cm~'. The 
calculated and observed frequencies of CH, wagging 


mode in n-paraffins are 1341 and 1375 cm : 
respectively'®. Accordingly, the weak and diffuse 
infrared band at 1330 cm * in p-FBA is attributed to 
the CH, wagging mode. The CH, twisting vibration 
appears at a little lower frequency than that of the CH, 
wagging vibration'*. The weak absorption at 1280 
cm! in the infrared spectrum of p-FBA is identified 
with the CH, twisting mode. These assignments are 
consistent with those proposed for similar modes in n- 


paraffins’®. 


3.3 Vibrations of COH Group 

In monomeric species of benzyl alcohol, the OH 
stretching mode is observed as a weak and sharp band 
around 3620cm “' (Ref. 16, 17). The same causes a very 
intense and broad absorption at 3345 cm‘ in the 
infrared spectrum of associated benzyl alcohol®. In the 
present investigation, the weak and sharp band at 3610 
cm‘ and the very intense and broad band at 3340 
cm‘ in the infrared spectrum may be readily assigned 
to the OH stretching mode of monomeric and 
associated species respectively. In benzyl alcohol the 
C—O stretching vibration is reported to occur at 1029 
cm *.° In a previous study, this mode is assigned at 
1010 cm™* in benzyl alcohol’®. In the infrared 
spectrum of p-FBA, this mode is attributed to the 
strong and broad band at 1035 cm~!. In aliphatic 
primary alcohols in associated state, the OH in-plane 
bending vibration causes weak’ and diffuse absorption 
in the region 1330-1410 cm~! (Ref. 19, 20). The weak 
and diffuse infrared band at 1365cm~! in the spectrum 
of p-FBA is attributed to the OH in-plane bending 
vibration. The out-of-plane OH bending vibration is 
placed at 600 cm~! corresponding to the diffuse and 
weak infrared band. This is in agreement with the 
assignment proposed for this mode in case of benzyl 
alcohol®. The CH,OH torsion frequency lies below the 
region of present investigation. The expected valuefor- 
this mode is around 150 cm~!. — 


x 


4 Conclusion = 
The depolarization ratios of the modes 10a and 16a ea 
in a symmetry class and that of Vasym(CH,) mode 
favour a C, symmetry for the p-FBA molecule. But 
there are five Raman bands which are depolarized. 
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This, therefore, rules out a totall mmetric 

stereochemical structure for the molecul. 
The two bands at 825 and 396 cm-! in hae — ne 

spectrum of p-FBA are polarized The Remuindeediean 


825m‘ and its infrared cou . former 
symmetry class. The only other possibility isto 
mena baad Sr ee eee | 
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Table 4—The Molal Thermodynamic Properties (in cal/°C) 
of p-FBA in the Ideal-Gas State 


T —(G°—H3/T (H°-H®)/T 5° C 
(K) ; 
100 53.02 8.97 61.99 11.66 
200 60.27 12.62 7289 21.23 
300 66.24 17.21 83.45 31.51 
400 71.84 21.98 93.82 40.93 
500 77.25 26.58 103.83 48,75 
600 82.47 30.82 113.29 55.05 
700 87.52 34.66 122.18 60.27 
800 92.37 38.10 130.47 6423 
900 97.04 41.20 138.24 67.66 
1000 101.53 43.99 145.52 70.51 
1100 105.84 46.52 152.36 72,93 
1200 109.99 48.81 158.80 75,00 
1300 113.98 50.89 164.87 76.76 
1400 117.82 52.79 170.61. 78.28 
1500 121.52 54.51 176.03 79.59 


cm‘ is assigned to the lower component 16a of the 


degenerate mode e,,, (404) of benzene with a very weak 
counterpart at 402 cm ' in the infrared spectrum. This 
mode is seldom observed in para-substituted benzenes. 
Therefore the other possible explanation is to assign it 
to the difference frequency 820-424 : 396 A’. Apart from 
these two and the Vasym(CH,) mode, the depolarization 
ratios of all the other observed Raman bands favour a 
C, symmetry for the molecule with the CCOH group 
lying in the plane of the pheny] ring. 


5 Thermodynamic Functions 

The fundamental frequencies listed in Tables 1-3 
were used to calculate the vibrational contributions to 
the thermodynamic functions. To compute the 
rotational contributions, the following dimensions 
were used: C—C = 1.397A; C—H = 1.084A; C—F 
= 135A; C—O=148 A; O—H=0.95 A; C— 
CH,OH = 1.50 A;LCOH = 108.9°. Tetrahedral values 
were used for H—C—-H, C—C—O and C—C—H 
angles, all other angles were taken as 120°. For this 
model, the products of the three moments of inertia 
was found to be 17.16x10~11% g*xcm®. The 
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symmetry numbers are | for overall rotation. The total 
contributions to the thermodynamic functions for | 
mol of the ideal gas at | atm are summarized in Table 4. 
The computation for the vibrational contribution was 
done on VAX 11/780 computer. 
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The statistical method for calculating 7;-parameters has been described in detail. The symmetry of the nie pre 
discussed on the basis of 7,/7, ratio. A relation Px v7, (or Px vT4) has been suggested in ee to : ae 
hypersensitive transitions observed in the lanthanide complexes. The applicability of the theory as wel ast e 2 me te 
used for calculating electronic spectral parameters (7,, Fx and C4 ,) has been established from rms deviation point of view. 
statistical method suggested in the paper is an alternative to a computer programming method. 


1 Introduction 

Judd and Ofelt have derived an equation for the 
oscillator strength (P) of a transition between a ground 
state (f"W,| and an excited state |f"W;), of the 
lanthanide ion in solution given as? : 


P= OY Ta SvslUMlP yi? (1) 
A=2,4,6 


where the unit tensor operators [U™] connect the 
initial and final states via T, (A = 2, 4, 6) parameters. 
The oscillator strength (P) is the probability of an 
electronic transition and can be given as2: 
P=46x10-° x «,, x Avy). ashe) 
where €, is the molar absorptibility of the peak 
maximum and Av,, is the half-intensity band width, 
i.e. the width at 4én.,. For an allowed transition, P 
equals one. Since the ff transitions are mostly 
induced electric dipole transitions, the value of P is of 
the order of 10°, ic. P <1. The value of the oscillator 
strength due to magnetic-dipole (Pma) or electric- 
quadrupole (Pq) is’still lesser and it is of the order of 
10°“ or 10~!° respectively. The selection rules? for 
these transitions are AJ<1 and AJ<2 in Russell- 
Saunders approximation. In f<— f spectra, most of 
the transitions have AJ > 2. In Judd-Ofelt parameters 
(T;) we have AJ< J; ie. for T,, Ts and 7, we have 
AJ <2, AJ<4 and AJ<6 respectively. Thus the 7, 
parameter is best determined while T, is poorly 
determined. Sometimes the value of T, comes to be 
negative which is meaningless because by definition 
T, 20. 

The transitions considered to be potentially 
hypersensitive or pseudo-hypersensitive from the value 
of oscillator strength (P) have been found to exhibit 


approximately a linear relationship* between P and’ 


vb? where vis the frequency of the transition and b is the 


bonding parameter. Thus it has been Suggested that the 
relation Poxv7, or Pax T, should also follow 
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approximately for such transitions when the Judd- 
Ofelt relation [Eq. (1)] is closely examined. 

It has also been observed that the ratio 7,/T¢ is 
found to be nearly constant*’® for the complexes 
having the same symmetry. Thus the Judd-Ofelt 
parameters (7) are the characteristic intensity 
parameters for the intra- {"-transitions observed in the 
lanthanide complexes. Therefore, it has been thought 
desirable to use the statistical method for computing 
T,-parameters (which is an alternative to a computer 
programming method). Previously, the statistical 
methods for computing electronic spectral parameters 
(Slater-Condon and Racah interelectronic repulsion 
and Lande spin-orbit interaction parameters, etc.) 
resulting from intra- f"-transitions have been reported 
by earlier workers”’*. The attempts to calculate T,- 
parameters by using the statistical methods are rare 
because most of the work on the intensity of lanthanide 
f+ f spectra has been done after the publication of 
the theory of lanthanide intensity by Judd? and Ofelt'® 
independently in 1962. 

In the present paper, the T,-parameters for the two 
Nd (III) complexes with vanillin Schiff bases derived 
from ortho-phenylenediamine and from ortho- 
aminobenzenethiol have been Studied. 


2 Experimental Procedure 
2.1 Synthesis 

The complexes have been synthesized by the method 
described by Ansari and Ahniad!! by refluxing for 
about 6 hr, a mixture of ethanolic solution of 
NdCl;.6H,O and the Schiff-base ligand prepared 
from vanillin and ortho-phenylenediamine (or ortho- 
aminobenzenethiol) in the molar ratio 1:1. However, 
the ligands V.o-PhDA (vanillin-ortho-phenylenedi- 
amine) and V.o-ABT (vanillin-orthoamino- 
benzenethiol) have been synthesized by sation 
reaction in ethanol between vanillin and the respective 
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amine in the molar ratio 2:1 and 1:1 respectively. In 
the reaction mixture, the precipitation occurs with a 
change in colour from light yellow to dark brown. 
AnalaR grade chemicals were used. Both the 
complexes were found soluble in dimethylsulfoxide 
(DMSO). 


2.2 Infrared Spectra 

The bands appearing near 3300 cm ! (lattice water), 
1635 cm~ : (Vc=n), 1445 cm ~ , (V phenolic c—o), 1005 cm! 
(coordinated water) and 780 cm * (Vmetai—nitrogen) in the 
complexes suggest® that the ligands are coordinated to 
Nd (III) ion through oxygen of the phenolic group and 
nitrogen of the imine group. The water is present in the 
form of lattice water as well as in the form of 
coordinated water. However, the bands showing Vmetai— 
sulphur ANC Vmetai—chiorine COUld not be recorded as the same 
fall beyond the range of the instrument. 

The analytical and infrared data propose the 
chemical formula for the complexes _ as: 
Nd(V.SB)CI.3H,O, where V.SB is a vanillin Schiff 
base ligand. 


2.3 Electronic Spectra 

The absorption spectra were measured on Carl- 
Zeiss VSU-2 spectrophotometer in the region 360-1000 
nm in a mixed solvent, DMSO and alcohol (3: 1). 


3 Method of Calculation 

In the calculation of 7,-parameters, the statistical 
method known as partial and multiple regression 
method!” has been used. The purpose of the partial 
regression method is to obtain a measure of the 
relation between two variables when the other variable 
is constant. The equations for the partial and multiple 
regression have the following form: 
Y =a+b,X,+b,X,+b3X3+...+b)X, 57.43} 


where there are p independent variables and the 
regression coefficients b,, b2, b,..., etc are referred to 
as partial regression coefficients. 

The observed oscillator strength (Pots) of the energy 
transition can be expressed in terms of 72, T, and 7, 
parameters as follows: 

P= T,v[ 0}? + T.v[U“'Y + Py patel game 
The values of [U??, [UT]? and [U®}? have been 
taken as used by Carnall et al.' The eight bands in the 
present Nd(III) complexes have been considered. 
These have been assigned the energy levels as *F 5125 
*F 5/2, *F 5), "Fos. *Gs)2 *G4)2, 2Go/2 and *Goj2. From 
the observed oscillator strength for the said eight 


bands, the eight equations of form as given in Eq. (3), 


have been obtained. Here we have following: 


a=0, b,=T2, b,=T b3=T¢ 


— H2)72 ( : 
X,=[(U)’, X,=(U™)? and xX, eee | 

Now three main steps are involved further to 
compute the values 7, 7, and 7, in terms of b,,b, and 


bs. 

Step 1—From the eight equations so obtained, the 
values Of 4;,, G22, 433, 421, 43; and a3, have been 
calculated from the relations given as follows: 

2 2 
a4, =2 xi, a2 = 2x3, as3:>= 2284; 6. PIpes oP 


a3; =2x3x; and Q32 =2XX3X> 


2 
where 2x7 =LX?7—- (z. : J" 


(Similarly relations involving 2 x3 and £ x3 can also be 
given), and 
aA KX UX, 
N 
(Similarly relations involving 2x,x, and 2x 3x, can 


also be given) 
Here the value of N is eight. 


Dx2X, =U X2X, — 


Step II—From the values of a, ;,a 2...,etc. the values 
of c,1, C12---, etc have been obtained by following the 
instructions given in the literature’? and using the 
matrix given as Table 1. 

The values obtained for c,;, C,2..., etc. can be 
however, checked by the following relation: 

C14 X Ay, $12 X Any + C43 X a3, = 1.00 zifa) 

Step I1]—From the values of c,;, ¢,2-.-, etc. the 
values a, b,, b, and b; can be computed by using the 
relations given as follows: 
by = Cy X LXV + Cy2 X UX2QV+Cy3 X VX3V 
by =Cy2 X UX,Y + Cy2 XUX2y + C23 X UX3y 
b3 =Cy3 X LXpy +23 X VX2y +33 X BX3y 
a= Y—b,X,—b,X,—b3X;3 ...(6) 
Here we have 
EX, xEY 

N 
(Similarly values of 2x,y and 2 x,y can be given) 
and 
Y=ZLY/N 
(Similarly X ,, X and X, can be given) 


Table 1—Matrix for Calculating ¢;,; from 4,; 
Abbreviated solution 


Line 
2 dy) ly) 0 1.0 10) 
3 dys 0 0 1.0 
Lines 4-9 
10 C1 C12 Cys 
ee 32 CyN 
12 Cay 
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In the present calculation a is zero, but it can be 
obtained if there are four parametric calculations 
instead of three variables. The values of c,;, C12---, etc 
have been computed for the said eight bands and are 
given as follows: 

€14 = 3.895, C12 = — 6.56, C43 = 155 


C22 = 18.21, c.3 = —2.44 and c3; = 5.30 


From the values of c;,, ¢,2.., etc given here the 7),- 
parameters can be computed for any Nd(III) complex 
where only the said eight bands are considered. If certain 
other bands are observed, then fresh calculations for c, ,, 
C12--, etc will have to be done. 


4 Results and Discussion 

The Judd-Ofelt intensity parameters (T>, 7, and T,) 
are reported in Table 2. The other electronic spectral 
parameters’ **:!° [Slater-Condon (F,) and Lande (C4 ,)] 
have also been reported in same table. The later 
parameters are interelectronic repulsion and spin-orbit 
interaction parameters. These have also been computed 
by using the statistical method given earlier by Misra 
and Joshi®. The values of energy parameters F, and C4, 
are reduced as compared to the values of these 
parameter for Nd(III) free ion® showing the expansion 
of 4f-orbital in the complex formation. 

The values of T,/T, for the present complexes are 
1.009 and 4.922. This shows that these complexes do not 
have a similar symmetry. This reflects that Nd(III) ion 


may exhibit different coordination numbers in these 
complexes. Since a lanthanide ion may have a 
coordination number ranging from 6 to 9, here Nd(II1) 
ion in the V.o-ABT complex may exhibit lesser 
coordination number in comparison to the V.o-PhDA 
complex. The V.o-ABT ligand is behaving as a 
tridentate ligand while the ligand V.o-PhDA is 
behaving as a tetradentate ligand. The value of 74/7; for 
the complex Nd.v.o-PhDA is nearly the same as have 
been reported earlier for the similar complexes by 
Joshi et al.° 

The transition *I9,,~4Gs5,. behaves as a hyper- 
sensitive transition and it follows the relation Px v7, 
(or Pox v7,) in the present complexes (Table 1). 

The value of rms deviation (a) lies in between 0.21 
x 10° ° to 0.84 x 10° © for the observed and calculated 
value of oscillator strengths for the various bands. This 
shows that the applicability of the both the Judd-Ofelt 
relation and the statistical method used here is quite 
established in the present case. This is because, the value 
Of Prac. is again computed from the values of T>, 7, and 
T. which are obtained from the Judd-Ofelt relation by 
using the statistical method. The statistical method used 
for computing F, and ¢,, parameters have also yielded 
the good results (rms deviation lies in between + 60.4 to 
+53.2 om *); 

In the present calculation of the T;-parameters, the 
two levels *P,). and *G,, 2 have not been considered as 
these levels have negligible values! for [U™]? elements. 


ee 


Table 2—Computed Values of Oscillator Strength (P), Judd-Ofelt Intensity Parameters (7), T,, T,) and Other Electronic 
Spectral Parameters (F,, F4, F, and Cay in cm‘) for the Nd (III) Complexes 


Level Nd. V.o-PhDA Nd. V .0-ABT 
and a ct i eal al Se 
6 
parameter Fine pone PexptX 10° Posie x 10° ie: pes Pexp X 10° Pua x 10° 
aP ua 23148 23135 0.95 0.83 23137 23131 1.97 0.84 
“Gri 21645 21502 0.29 0.27 21645 21500 0.48 0.14 
G12 21254 21217 1.99 2.09 21097 21098 1.36 1.42 
ta 19531 19557 0.67 0.53 19550 19524 0.59 0.32 
“Gri 19157 19220 4.87 4.52 19179 19177 2.14 3.38 
O32 17241 17218 17.87 17.82 17265 17257 11.88 : 1.33 
(p90 14641 14730 0.81 0.52 14663 14704 1.06 0.25 
‘= 13298 13267 5.87 5.79 13263 14280 2.49 1.63 
Fs 12422 12443 7.72 7.35 12392 12459 3.48 3.75 
Fs), 11429-11425 2.85 3.05 11455 11459 4.12 2. 

rms dev (a) +60.4 +0.21 x 10>* 2 


—_— £93.2 +0.84 x 10-8 
vl ti 6.88 2.88 


9.39 
Tg x 101° 9.31 ioe 
Ta/T 1.008 4.922 
F; 327.826 330.500 
Fy 52.057 59.917 
F. 5.240 5.270 
bay 863.87 858.85 
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The dipole moment and the apparent equilibrium constant (Kapp) of the complexes of ethyl acetate, butyl acetate and benzyl 
acetate with phenol and n-butyl alcohol in carbon tetrachloride at 30°C have been calculated using sie and Smith method [J 
Chem Phys (GB), (1949) 2781.]. The dipole moment values were also calculated using Huysken’s method for different 
concentrations of acids and bases. The enhancement of the dipole moment values confirms the hydrogen bonding between all 


the acetate molecules and phenol and n-butyl alcohol. 


1 Introduction 

The formation of hydrogen bond leads to an 
increased polarity of the bond A—H (proton donor), 
and hence to a larger dielectric constant and dipole 
moment. Dielectric investigations of interacting 
solutes in an inert solvent provide valuable 
information regarding the formation of molecular 
complex in solution. Huyskens and his collaborators! 


have developed methods to determine the stereo-- 


chiometrics of hydrogen bonded complexes from the 
dielectric measurements of solutions of proton donor 
plus proton acceptor in an inert solvent. The dipole 
moment of the complex is a function of the relative 
strengths of the acid and base and can be calculated. 
The enhancement of the dipole moment (Ay) over the 
sum of the dipole moments of the interacting 
components corresponds to charge redistribution 
along the A—H—B bond. In this paper, we are 
reporting the dipole moment study of 1: 1 complex of 
acetates, namely ethyl acetate, butyl acetate and benzyl 
acetate with phenol and n-butyl alcohol in carbon 
tetrachloride at 30°C. The apparent equilibrium 
constant, molar polarization and dipole moment of the 
complex were calculated using the Few and Smith 
method. For comparative study and for the study of 
the variation of dipole moment values with the 
concentration of acid and base in the solution, these 
were also computed using the method of Debecker and 
Huyskens?. 


2 Theory 

Few and Smith? suggested that the induced 
polarization (AP) with association of two interacting 
polar solute molecules of proton donor (A) and proton 
acceptor (B) in an inert solvent (S), due to hydrogen 
bonding can be given as: 


AP = Piasays — [Piaxys + Pips] .-(l) 


where P,ap..)s is the molar polarization of the mixture 
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of A and B in an inert solvent (S) at infinite dilution and 
Piawys and P(gxyjs are the molar polarizations of the 
solutes A and B. 

The dipole moment of the complex can be calculated 
as: 
Hap = 0.12812[(Pasays — Row). T)” ee 
where R,p..) is the molar refraction of the 1: 1 complex. 
P(aBw)s Can be obtained with the help of Eq. (1), if AP is 
known because the other factors Paws and P.g.)s5 can 
be observed experimentally. In order to calculate AP, 
the method of Cleverdon et al.* was used which relates 
the induced polarization (AP) with the apparent 
equilibrium constant (K,,,) and the molar polarization 
of the proton donor A in the BS mixture solvent 


(P.accyBs) as: 

AP M 
ns eet ee 2 
P(Ac)BS —~ £ (Aw)S Ko. W bdps (3) 


where Mg is the molecular weight of the proton 
acceptor, dps, the density of the solvent mixture BS and 
Wa = We/(Wy + Ws); Wy and W, being the weight 
factors of B and the solvent S. 

Eq. (3) may be written as: 


PiaccyBs ~~ £ (Ao)S AP APK,,, paps os .(4) 
The plot of and <8 


a Pali ~ Prange "4 Wiadgs © @ Straight 
line with intercept 1/AP and slope 1/AP K,,,,. Using the 
values of AP and Eqs (1) and (2), the dipole moments of 
the complexes were calculated. 


The mean square value of the dipole moment was 


also calculated using the method of Debecker and 
Huyskens®, as: 


e—] XV, o, +1 XV, \(R 
OME ADES. fio NA Poa Bors £ te Pa \("3,-1 
» #KTV) V inte, *\'--p \( 


‘)*” ae : iy +6 
2 
X,Qe4 n( met) 
N3y + le 


wnt 
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where V is the molar volume of the solution and Vi 
that of the solvent; ¢ and ¢, are the dielectric constants 
of the solution and solvent respectively; X, the mole 
fraction of the solvent; X,,=1— X, the aie fraction 
of the interacting polar components; and N23 is the 
refractive index of the polar components in the 
solution. 

The dipole moment of the |: | complexed species, in 
the concentration range where Cg > C, and most of 
the molecules predominantly exist as 1 : | complex, was 
calculated using Eq. (6) 


2 (Ca + Cu) — we(Ca—C 
yg = HeselCa * Col — tala Cr) me 


where Cg and Ca, are the initial concentrations of 
proton acceptor and proton donor molecules in the 
solution and 1; is the dipole moment of the complex. 

The change in dipole moment Ap was calculated 
using the relation 


Au = yy — Ha — Mp eB 
where /t,, is the dipole moment of the complex and sp, 


and #4, are the dipole moments of proton donor and 
proton acceptor solute patie respectively. 


Td Expertuentat Details ~ 


The dielectric constant ¢ of the solution and of 


solvent (é,) at static frequency were measured we a 


Sa a 


Toshniwal RL09 dipole meter and. the refractive index 
using an Abbe’s refractometer. The cell temperature 
was maintained at 30+0.2 C by circulating water 
through the glass jacket of the cell. 

The chemicals used were obtained from BDH Ltd. 
Poole, England and High Purity Chemicals Pvt Ltd. 
New Delhi. The physical parameters of all the 
chemicals were checked against their literature values. 


4 Results and Discussion 

The limiting values of the molecular polarization. 
the density, dps, of solvent mixture and concentrations 
of acids and bases for all the systems are given in Table 
1. The variation of dipole moment values (//,,, and 442). 
calculated using Huyskens method’, with (Cg — Ca) is 
reported in Table 2. Table 3 includes the dipole 
moment, apparent equilibrium constant (K,,,) and 
induced polarization (AP) for all complexed species 
calculated using the Few and Smith? method. 


The dipole moment of the ethyl acetate + phenol — 


system obtained. using Few and Smith? method was 
found to be 3.4 D. It may be observed from Table 2, 
that y; values vary irregularly with Cg — Ca, values. 
The dipole moments ; represent here the dipole 
moments of solute (proton donor, proton acceptor and 
1: 1 complex) molecules in the solution. On increasing 


the Speer, proton acceptor Cp, keeping Ca ~ 


Table 1—Limiting sales < of Molecular F ecliteanan 


“Cy Eps 
at sl mol/l ie 


DS 


a ae pee 
A pie fae = 
| Ba ge 
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Table 2—Dipole Moment Values Calculated using Huyskens Method 
Benzyl acetate + phenol 


Ethyl acetate + phenol 


Hexp 
D 
2.12 
1.96 
1 
2.37 
2.24 
2.29 


Hg 
D 
3.03 
2.12 
2.76 
3.51 
3.46 
3.46 
3,88 


1 may be equ: PEG 
may be J to 
‘Fre — ‘ 


AP 


200.00 


238.09 


181.82 


125.00 


Butyl acetate + phenol 
Se ee ern 


Cpa—Ca 


mol/l 


0.07 
0.25 
0.52 
0.92 
1.08 
1.12 
1.30 
1.49 
1.67 
1.71 
1.98 


0.08 
3,30 
0.36 
0.53 
0.57 
0.74 
0.79 
0.95 
1.02 
1.27 
1.63 
1.95 


(Pas) os 
257.56 
295.37 
237.00 


Hexp 
D 
2.45 
2.41 
1.98 
7H) 
2.34 


182.55 


fo 


aU 
- Ss 


—: 


Cp—Ca 

mol/l 
0.03 
0.06 
0.25 
0.38 
0.55 
0.56 
0.70 
0.79 
0.93 
1.36 


Row) 


26.9 


Map 
(D) 
3.38 
28.54 
28.06 3.18 


27.15 


3.64 


2.74 


Hexp 
D 


Au 


Ms 
D 
3.50 
3.54 


Table 3—Dipole Moment and Equilibrium Constant Values of the Complexes Obtained using Few and Smith M " 
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the dipole moments of individual solute 
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The study of interaction of tachyons with superluminal electromagnetic fields has been undertaken and it has been shown 
that the energy of this interaction is similar to that of bradyons with ordinary electromagnetic fields except that the roles of 
virtual and longitudinal parts are interchanged. It has also been shown that the interaction of tachyons with superluminal 
electromagnetic fields in time-energy representation is identical to the interaction of bradyons with ordinary electromagnetic 


fields in space-momentum representation. 


1 Introduction 

Begining with Tanaka’, there has been a continuing 
interest in faster than light particles (tachyons). In 
order to re-examine the theoretical existence of these 
particles and to develop a self-consistent quantum field 
theory, we have derived? the reduced expansions of 
fields associated with spin-1 tachyons in terms of 
standard helicity representations of Poincare 
group» * by using real superluminal Lorentz 
transformations of Antippa®. These reduced expan- 
sions have been used to construct the Lorentz invariant 
second quantized theory for these particles® and it has 
been shown that in our theory the discrepancies 
pointed out in various papers’ '! on the second 
quantization have been removed. In a recent paper, 
we’* have also examined the question of emission of 
Cerenkov radiation by tachyons and it has been shown 
that the tachyons emit Cerenkov radiation through 
their coupling with subluminal electromagnetic fields 
and that a charged tachyon can emit Cerenkov 
radiation only in the medium in which it travels with a 
velocity slower than the velocity of light. 

In the present paper, we undertake the study of 
interaction of tachyons with superluminal elec- 
tromagnetic fields* by using our reduced expansions 
for these fields and the corresponding charge and 
current source densities, and it has been shown that the 
coupling of tachyons with superluminal elec- 
tromagnetic field is due to its scalar component just 
like the coupling of bradyons with subluminal fields 
comes from the longitudinal component. It has also 
been shown that in superluminal electromagnetic field 
the virtual component is the consequence of charge 
source density and cannot be made vanishing by 
imposing Lorentz condition in contrast to the result for 
ordinary electromagnetic field for zero mass System. 

Hamiltonian of interaction of tachyons_ with 
superluminal electromagnetic fields has been shown to 
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be similar to that of the bradyons interacting with 
subluminal electromagnetic fields except that the 
inequality |p| = k occurs in momentum integration and 
the virtual part plays the role of longitudinal part. 
Hamiltonian of interaction of tachyons with 
superluminal electromagnetic fields in time-energy 
representation is identical to that of bradyons with 
subluminal electromagnetic fields in space-momentum 
representation. It leads to the tachyon-bradyon 
reciprocity. 


2 Reduced Expansions 
Using the real superluminal Lorentz transfor- 
mations*®, we? have recently derived the following 
reduced expansions for the components of four 
potential {A,} = (ig, A) in terms of standard helicity 
representations of Poincare group for imaginary mass 
system; 
Fc dp 
o(x, T) =a | see 
pi =k 


x Higc P, O)expLi(p.x — w7)] 
+ h°*(k, p, O)exp[— i(p.x — wT))}} 


+ risk, P, O)exp[i(p.x —wT)] 


+ h*(k, p, O)exp[— i(p.x -on} | sae hl 


and 
es ear dp 
M06 T)= Gast / otk, p) 
plek 


x (ee) J°(k, p, exp [ilp.x — wT)) 
+ h°*(k, p, Ojexp[—i(p.x —wT)}} 
+P Stk, p, ONexp lilp.x — wT) 
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+ h*(k, p, O)exp[— i(p.x — w7))} 
A 
+ L arrtskk, p, Aork, p, a) 
A4=+1 


x exp[i(p.x — @7)] + h*(k, p, A)o*(k, p, A) 
<expl—ilp.x—07)]} | ee 


¢€ P-X=PiX,;+P2X2+p3t, WT =x, 


Pilp, + iAp2) 


..(4) 


mplitudes f°(k, p, 0), f(k, p, 0) and f(k, p, A) 
resentations for spin-0, helicity-O (virtual 
1, ant eatin | term) and spin- 3 


" hc nanedig Lorentz group operate. 
2 ak, 1) is given in terms of mass ik 


H is purely transverse. The expressions given by (7) and 
(8) are the reduced expansions for superluminal 
electromagnetic fields, i.e. the fields produced by spin-1 
tachyons. In the superluminal frame, these elec- 
tromagnetic fields couple to tachyons according to 
usual Maxwell’s equations in view of tachyon-bradyon 
reciprocity. Therefore, these electromagnetic fields 
behave in superluminal frame as the electromagnetic 
fields produced by spin-! bradyons do in subluminal 
frame. The details of superluminal and subluminal 
electromagnetic fields have already been given by us in 
our earlier work?'!3~!° 

Superluminal electromagnetic fields given by 
reduced expansions (7) and (8) satisfy the usual 
Maxwell’s equations in superluminal frame of 
reference with the following charge (~) and current (VJ) 
source densities; 


=a | io( 2 Pst p, 9)exp [i(p.x —@T)] 


 |[plek- 


+h°*(k, p, 0)exp[—i(p.x — @T)]} ...(9) 


x {f°(k, p, Oexp [i(p.x — oT)] 
+ h°*(k, p, Oexpl—i(p.x—@T)]} 


rer rons pea one ese 


ws hs: > 2 
i +* “ 


INDIAN J PURE & APPL PHYS, VOL 21 APRIL 1983 


where L, is the free-field Lagrangian density of the field 
associated with spin-1 tachyons and L; is the 
Lagrangian density due to interaction of tachyons with 
superluminal electromagnetic fields, and may be 
written as follows: 
L,= A¥(x)J*(x) (u=9, 1, 2, 3) ere) 
The free-field Lagrangian density of the field associated 
with spin-1 tachyons may be written as follows in terms 
of four-vector potential®: 
L, = 0" A*(x)0, A"(x) + k? A*(x) A*(x) 

ta y= 0 £23) ae(h3) 
from which the free-field Hamiltonian operator have 
been derived in our earlier paper® as follows: 


Ai, = — | dp{7°*(k, p, 0)7°(k, p, 0) 


ipl>k 


+h°(k, p, 0)h°*(k, p, 0)} 


<2 | dp{7*(k, p, AVFk, p, 2) 
ip'>k 
+ h(k, p, AA*(k, p, A)} ...(14) 
From Eqs (12) and (13) we get the total Lagrangian 
density of the field associated with spin-1 tachyons as: 
L = 0" Ai (x)0,A"(x) + k? A*(x) A(x) 

+ A¥(x)J*(x) -+<(a5) 
from which the following field equation may be derived 
by taking the variation with respect to A(x): 

(C)— k*) A*(x) = J4#(x) ... (16) 
The interaction Lagrangian density (12) yields the 
following expansion for Hamiltonian density: 

H,;= —L,= — A*(x)J*(x) seh ¥7) 
Substituting the reduced expansions of four-vector 
potential {A*} and four-current {J”} from Eqs (1), (2), 
(9) and (10) into Eq. (17) and taking the integration over 


volume, we get the following expansion for 
Hamiltonian operator : 


k? “ ~ 
Ipl>k 
+ h°(k, p, 0)h°*(k, p, Oy} 


a 


A=+!1 
plek 


+hik, p, AA*(k, p, 2)} ...(18) 


which shows that in the interaction of tachyons with 
superluminal electromagnetic fields there is a definite 
contribution of scalar component which cannot be 
made vanishing on imposing Lorentz condition? while 
in the interaction of bradyons with subluminal charge 
source density the interaction energy comes due to the 
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longitudinal part. In superluminal fields interacting with 
tachyons the coupling due to the longitudianl part has 
nothing to do with interaction Hamiltonian. Since 
strength of coupling due to the Virtual term is ess ie 
the strength of coupling due to longitudinal term , the 
strength of coupling of tachyons with superluminal 
fields is smaller than that of bradyons with subluminal 
fields. For all other purposes, the interaction of tachyons 
with superluminal electromagnetic fields is same as the 
interaction of bradyons with subluminal elec- 
tromagnetic fields on changing the role of virtual and 
longitudinal components while passing from bradyons 
to tachyons via superluminal Lorentz transformations. 
It leads to tachyon-bradyon reciprocity. 

In the absence of charge source density the virtual 
component of fields vanishes and the fields become 
purely transverse and then the interaction Hamiltonian 
(18) may be written as follows in space-momentum 
representation : 


fr= © [dol aoz) iP maf wa 
A=+1 
Ipl=k 


+h(k, p, Ah*(k, p, a)} ...(19) 
which is the same as the interaction of bradyons with 
subluminal electromagnetic fields, except that here the 
condition (6) is imposed on momentum integration and 
the roles of energy and momentum get interchanged. 
Restricting the propagation of spin-1 tachyons along 
the tachyon corridor fixed along x3-axis and keeping in 
mind the reciprocity principle according to which the 
roles of time and space coordinate along the direction of 
motion are interchanged under superluminal Lorentz 
transformations, the interaction Hamiltonian may be 
written as follows in time-energy (w-t) representation 
in which the tachyons will behave as bradyons: 


‘ 2 
f= ¥ |do(s)UM& 0, Af 0, 
A=+1 P 


+ hk, w, ah*(k, «, a)} ...(20) 


Then the fields become Hermitian® and the interaction 
Hamiltonian of tachyons with transverse superluminal 
electromagnetic fields may be written as follows in this 
time-energy representation : 


2 ~ - 

A,= A, dol Fs int , A) f(k, @, a) an 
which is similar to that of int i bradyons . 
subluminal e patie fields neha geal aa 
representation. iis 
4 Discussion 

In superluminal electromagnetic fields [ie. redu a 
expansions given by Eqs (7) and (8)), the longitudinal 
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component has nothing to do with charge source 
density and the virtual part plays the role of longitudinal 
part just like the component of space coordinate along 
tachyon corridor plays the role of time on passing from 
subluminal to superluminal realm via the real 
superluminal Lorentz transformations. This contri- 
bution of the scalar part of superluminal elec- 
tromagnetic field towards charge source density is 
similar to that of the longitudinal part of subluminal 
fields. 

The Lagrangian density given by Eq. (12) for the 
interaction of tachyons with superluminal elec- 
tromagnetic fields gives the interaction of superluminal 
electromagnetic fields for tachyons to the four-current 
density which satisfies the Maxwell’s equations in the 
new frame in which the divergence, curl and time 
derivatives are redefined? by keeping in mind the 
interchange in the role of time with space coordinate 
along the relative motion of frames under superluminal 
Lorentz transformations®. It has been shown that the 
interaction energy of tachyons with superluminal 
electromagnetic fields is due to the coupling of scalar 
and transverse parts and the longitudinal component 
has no contribution. It has also been shown that the 
strength of coupling of tachyons with superluminal 
electromagnetic fields is less than that of bradyons with 


the ordinary subluminal fields. In other words, the 


charge source density does not remain conserved on 
passing from subluminal to superluminal realm’®. 
Furthermore, it has been shown that the interaction 
of tachyons with superluminal electromagnetic fields 
may be interpreted as the interaction of bradyons with 
subluminal electromagnetic fields on changing the role 
of virtual and longitudinal components. It is the direct 
consequence of tachyon-bradyon reciprocity. In the 
absence of charge source density the fields becomes 
purely transverse with respect to tachyon corridor, for 
which it has been shown that the interaction of tachyons 
with superluminal fields is the same as the interaction of 
bradyons with subluminal fields, except that the 


condition (6) is imposed on momentum integration and 
the momentum is interchanged with energy. Eq. (22) for 
the energy of interaction of tachyons with superluminal 
electromagnetic fields in energy-time representation is 
similar to that for the energy of interaction of bradyons 
with subluminal electromagnetic fields in space- 
momentum representation. It leads to the conclusions 
that the tachyons interact among themselves via the 
superluminal electromagnetic fields as observed in a 
subluminal reference frame and that the superluminal 
electromagnetic fields couple with tachyons according 
to the usual Maxwell’s equations!”. 
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A detailed vibrational study of the Raman (liquid phase) and infrared (vapour and liquid phases) spectra of a-, B- and y- 
picolines is reported. The vapour phase infrared band (A-, B- and C-type) contours and the accurate depolarization ratios 
measured for the observed bands have been used to revise several earlier vibrational assignments. 


1 Introduction 

Raman scattering and IR absorption spectra of «-, B- 
and y-picolines have earlier been studied in the selected 
ranges of vibrational frequencies!” °. Long et al.'*? 
gave for the first time a detailed analysis of the spectra 
supported by the normal coordinate analysis. Green et 
al.° reported an independent study of these molecules. 
However, the vapour phase infrared band contours 
and laser excited Raman spectra, which may provide a 
better understanding of the vibrational dynamics of 
these molecules, are not available in the literature. In 
this paper we, therefore, report the study of such 
spectra and provide an analysis consistent with 
polarization data and vapour phase IR band contours. 
Some of the vibrational assignments have been 
modified. 


2 Experimental Details 

a-, B- and y-Picolines obtained from M/s British 
Drug House were purified by refluxing over KOH 
pellets and distilling thrice under vacuum. Raman 
spectra were recorded on Cary-82 Raman spectro- 
photometer using 514.5 nm radiation 4W Ar” ion laser 
(coherent radiation) as a source of excitation. A l-cm 
quartz cell with multiple reflection arrangement served 
the purpose of the sample container. A polarization 
scrambler was used to reduce errors in the polarization 
measurements. 

Infrared spectra were recorded on PE-521 double 
beam spectrophotometer. A 10-m variable path 
multiple reflection cell was used to record vapour 
phase spectra and fixed cells of thicknesses 0.025 mm 
and 0.5 mm with CsBr and NaCl optics were used to 
record liquid phase spectra. 


3 Results and Discussion 


The typical laser Raman spectra of liquid picolines 
recorded at room temperature are shown in Fig. 1. Fig. 
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2 shows the vapour phase IR spectra of the three 
molecules. These spectra cover only 250-520 cm! 
range, and depict the typical A-, B- and C-type band 
contours which form the basis of our assignments. 
Detailed IR spectra of the vapour phase picolines are 
given in Ref. 9. 

The peak positions measured from the spectra are 
given in Tables 1-3 along with the values of 
depolarization ratio (p) of the Raman bands and the 
nature of the band types of vapour phase IR bands. 
Our assignments are given in the last column of each 
table. The notations describing the normal modes of 
the molecules are those used by Green et al.> These 


-have been chosen particularly to facilitate the 


comparison of our assignments with those suggested 
by these authors (cf. Table 4). However, it should be 
noted that the notations of the modes are used for 
brevity in discussion, particularly for a- and p- 
Picolines since the heavy substituents (such as CH 3) at 
(1) and (2) positions definitely modify the description of 
the normal modes and the notations cannot stand for 
the same description for which they stand for y- 
picoline. The vibrations of the methyl group -are 
described by usual symbols such as Vou, Oucn, Rock- 
CH;, etc. The wavenumber accuracy of the measured 
frequencies lies within +1 cm~! for well developed 
bands and +5 cm™! for Overlapping and broad and 
diffuse bands. The error in (p) values for different bands 
are between +0.01 and +0.05 (for weak and diffuse 
bands). In general, theAvpz separation for A-, B- and C- 
type bands lies within 13+2, 12+2 and 20+1 cm™', 
respectively. However, a few exceptions may be noticed 
to this observation, e.g. some B-type bands have Avpp 


as high as 16 cm~! and some C-type bands have Arp, 
as low as 14 cm~!. ‘ane 


_A typical picoline molecule has 36 hornet modes 
vibrations of which 27 
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Fig. 2—Typical vapour-phase infrared spectra of picolines in 250- 
500 cm~' frequency range 


up as either A- or B-type band and exhibit depolarized 
Raman bands. It may be noted that A” modes also 
exhibit depolarized bands. However, the A” modes 
Should distinctly appear as C-type bands in the IR 
spectrum. 

Our assignments of different modes as given in 
Tables 1-3 are based on the facts that (i) the attributed 
band has the polarized/depolarized character as 
expected, and (ii) the associated band exhibits right 
band shape. In addition, we also consider that (i) in case 
the line in question cannot be explained as a 
combination or overtone of wel! established 
fundamental modes, it may either be a com- 
bination/overtone involving a mode which has not 
been observed directly or be one of the normal modes 
of vibrations; this we have particularly used to identify 
CH; twist (tcy,) mode and some other modes (e.g. a, 
modes of y-picoline and the corresponding modes of 
other molecules), and (ii) the intensity of the line in 
question should not be much different from the 
expected order [e.g. C—H bend (Bcu) and the angle 
deformation (dycy) modes generally appear weakly in 
the Raman spectra, while the ring breathing mode 
appears strongly]. 

In general, our assignments Suggested in view of the 
above mentioned points are in agreement with those 
reported earlier?’°. However, different assignments 
have been proposed in several cases and in the 
following discussion, only these cases are discussed in 
detail. 

Ring breathing mode (1)—-The ring breathing 
vibrations generally appear as the strongest band in the 
Raman spectra of normal Pyridine ring and substituted 
pyridine. Our assignments of this mode in )-picoline 
(995 cm~' band), suggested on the basis of above 
observations, agree well with that proposed by Long er 
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al.2 and Green et al.> However, in the case of B- and a- 
picolines, Green et al.” have proposed 1025 and 994 
cm! frequencies respectively for this mode where the 
Raman bands do not show maximum intensity. The 
strongest Raman bands in the spectra of B- and 2 
picolines are observed at 1040 and 1047 cm 

respectively. If Green et al.’s proposal is accepted, one 


Table 1—Raman and Infrared Frequencies of y-Picoline 


Raman IR Assignment 
(Liquid) 
Liquid Vapour 
211(0.80) 16b 
341 (0.82) 15 
382(0.75) 388 16a 
488 (0.76) 486 484.5(21)C 11 
517(0.31) 515 513(15)A 6a 
669(0.85) 666 678(12)B 6h 
710 713.5(17)C 15+ sal ee 
736 731.5(16)C 4 Reson 
751(2)C 10b 
796(22)C 5 
803(0.17) 800 801(2)A 12 
873(0.84) 873 10a 
935(12)B 5 + tH, 
980(?) 17a 
997(0.17) 995 996.5(15)A 1 
1041 (0.30) 1039 1044.5(20)C Wag CH, 
1070(0.25) 1068 1073.5(15)A Rock CH, 
1110 1108(11)B 18b 
1160(12)B 3 
1192(14)A 18a 
1209(?) 1208 1209(?)C Rock + tc, 
1218(0.33) 1222 1223.5(15)A 13 
1286 1276.5(15)A 9a 
1314(11)A 12+ 6a 
1331(0.75) 1333 1348(13)B 14 
1381 (0.40) 1381 1380(16)B 19b 
1411(0.71) 1413 1420(22)B 
1435(?) 1444 OHCH 
1451 (0.60) 1458(13)A 
1496 (0.38) 1498 1498(14)A 19a 
1562(0.84) 1559 1570(14)B 8b 
1605(0.84) 1603 1608(16)A 8a 
2461 (13), 
2737 19b, . 
2817 2824(12)B 
2870 2868 2883(15)A ; 2* OHCH 
2922(0.20) 2928 2938(15)A 
2968(0.55) 2968 2967(11)B Ycu(CHs) 
2980(0.55) 


2996 3002(13)B Th 


3028(0.66) 3034 3039(12)B 20b 
3049(0.28) 20a 
3080(?) 3076 3076 (14)A 2 

3118 8h, 
3203 8a, 


_ 


the p and Avpg (separation between P and R peak branches). The ? 
mark in the parentheses indicates that p/Avpg could not be measured 
with reasonable accuracy for the band. *., 6g 


Note: Values in Parentheses in columns | and 3 respectively in i icate 
). The ? 
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has to look for the suitable assignment for strongest 
Raman band of the spectra which is however found to be 
difficult. In this context, it may be mentioned that the 
assignment of Bcx mode as proposed by Green et al. to 
the strongest Raman band in case of both molecules 


Re 
Table 2—Raman and Infrared Frequencies of f-Picoline 


does not appear appropriate. We, therefore. believe that 
1040 and 1047 cm™' strongest Raman bands. 
respectively, observed for f-and %-picolines are due to 
ring breathing mode (1). 

Ben Modes (18a, 9a, 18b and 3)—The picoline 
molecule has four in-plane C—H bending modes, 
which are usually observed in 1000-1300 cm~! range. 
Though the bands attributed earlier?'> to these modes 


Raman IR Assignment 
Liquid 
Liquid Yapour 2 Table 3—Infrared and Raman Frequencies of 2-Picoline 
nde 340 5 Raman IR Assignment 
~  395(0.70) 398 400(21)C 16a Liquid ens: 
418 16b, Liquid Vapour 
452(0.72) 453 ll 207(0.75) 16b 
470 iS Miog: 360(0.85) 359 358(11)B 15 
§34(0.30) 535 534(14)A 6a 407(0.76) 403 401(21)C 16a 
=. ie 72(0.80) aa 468.5(20)C a 
628(0.56) 628 632.5(12)B 6b 472(0. 
- pea 711 713.5(21)C 4 545(0.35) 545 545.5(15)A 6a 
. 751(2)C 10b 629(0.53) 626 633(12)B 6b 
74 787 785.5(21)C 5 707(11)A 6a + TCH, 
794(0.20 = ; 16a, 12 730(0.70) 725 735(2)C 4 
eae Ae a 16a, 12 751 751.5(21)C 10b 
»( at 922.5(21 10a 768(?) ast 2 
=, tid aka ars 800(0.16) 797 12 se 
Be, tos ' 16a = 
986(14)C? Wag CH 811 : ‘6a, if 
a ball as i Miss = 882(0.76) 884 : 10a 
1027 —-1030.5(12)B_~—-Rock CH, — 93011)A (AD, 
) acca, eas ae 977(?) 974 976(14)A_ 17a 
= oe -1102.5(12)B «186 --997(0.15) 999 --999(12)B Wag (CH;) 
251124012) Gee e epe tee 103002) 1037 1032(13)A Rock (CH3)_ 
i i ; ee Bi 5 P ede ; ee me | : 3 1 a 7, i (11)A 1 ; “ >. Like 
es || - Rock + Twist (CH;) —1050(0.13) OAT eee 
ee 0 A. 18a ~ 1101 (0.70) L095. AMOR) So AB 
eee Se een eae 5s aes 1145 N142S (Ajay We 
= igs ee ee gy ees oe eB Rock +1(CH, 
Be a eee. er oe 


ae 


eas site — a ee 
$e | ae ee 


: a cant 
Ft a 
} i; vm eo 
i a 
& y= 3 
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< 
Table 4—A Comparative Statement of Assignments of the Normal Modes of Picolines as Suggested by Us and Earlier 
Workers . oS . 
y-Picoline B-Picoline a-Picoline 7 
aR EES EE SET DT Voie 7 
a,-modes Present Green _ Long Present Green Present Green 
study et al. et al. study et al. study et al. 
6a X-sens 515 514 514. yal 548 538 545 548 
12 X-sens 800 801 801 803* 800 797 800 a 
13 X-sens 1222 1212 1220 1225 1227 1236* 1233 } 
1 Ring 995 994 994 1040 1025 1047 994 . 
18a Bou 1192t 1070 ~—-:1042 1188 1041 1242 1047 ; 
9a Bou. 1276.5t 1220: 1220 1297t 1190 1291 1143 : 
19a vec. CN 1498 1495 1495 1479 1477 1481 1475 E 
8a voc 1603 1604 1603 1593 1594 1597 1590 _ 
20a vox 3049* 3040 3040 3054 3054 3047* 3046 q 
2 veH 3076 3050 3050 3085 3085 3092 3080 i 
b,- modes 
15 X-sens 341* 341 341 340 338 359 359 E 
6b ccc 666 669 a 628 628 626 629 sp 2 
18b Bou 1110 1090 = 1114S «2110 1106 1095 1099 - 3 
3 Bou 1160t 1289 —-:1283.—Ss«1:125 1286 1145 1291 a 
14 voc. oN 1333 1365 1365 1340 1340 1354} 1376 
19b vec, cn 1381 1417 1417 1383 1414 1376 1440 ary 
8b vec 1559 1566 1561 1576 1575 1570 1565 pleat 
7b von 2996 3010 + 3029S-2996 3030 3016 3046 al a 
20b cH. 3034 3040 3050 3032 3054 3075 3080 Be a 
| b,-modes ; : 
i | - X-sens 211* 211 211 218* 217 207 PS aes 
Pec 486 490 453 457 6 Ye 
4 cc 726 | he Sige 
10 ven ae 729 
751 751 


5 Yon 
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Vec.cn Modes (14, 19b)—Long et al.? suggested that 


~ J . ae . . ~ ~ - 
1378 cm‘ band ()-picoline) arises due to duchy mode of 
CH, group. If it is true, the relative Raman intensity of 


this band (Fig. 1) suggests that it should be totally 


symmetric Oycu (A,-species under C;, point group of 


CH,) and should, therefore, show up A-type band in 
the vapour phase spectrum. However, the B-type shape 
exhibited by this band contradicts this assignment. It, 
therefore, appears more appropriate to attribute this 
mode to 19b which is expected around this frequency as 
a B-type band in the vapour phase IR spectrum. 
Another mode 14 has been assigned to 1333 cm! 
(liquid IR) band. We have not observed any band 
around 1365/1367 cm ' as observed earlier?’> due to 
this mode. 


vc Modes (2, 20a, 7b and 20b)—The picoline ring 
has four C—H stretching modes. Among these modes 
the one, in which all H atoms move in phase, is 
expected to appear weakly in IR and the strongest in 
the Raman spectra. This should. be rigorously true for 
y-picoline, for which the strongest Raman band is in 
fact found to be absent in IR spectrum though the 
mode is allowed in IR. Our expanded spectra have 
helped us to identify four different bands due to four 
C—H stretching modes, while the earlier reports have 
attributed a single frequency to two of the four modes. 


You Modes (10b, 5)—Among the 5b, and 3a, 
symmetry modes of 7-picoline and the corresponding 
modes of - and f-picolines, we differ from the earlier 
reports?*> only in the assignments of two cu modes, 
10b and 5, of b, species (Table 4). Our assignments of b, 
modes in the case of y-picoline are well evident because 
the associated bands show up C-type contour in the 
vapour phase IR spectrum. In the case of f-picoline, 
Green et al.> proposed 788 cm ' band to arise due to 
10b. However, our vapour phase IR spectrum of this 

_ molecule shows a C-type band at 751 cm * which was 
; somehow missed by Green et al.° We, therefore, believe 
that 751 cm~! band arises due to 10b which exactly 
: matches with the frequency of this mode of )-picoline. 
The 788 cm~! band observed by us at 787 cm ' has 
been attributed to 5 and is well supported by the C-type 
character in vapour phase IR spectrum. Thus all the 
five modes of b, species of y-picoline have almost the 
same frequencies which are observed for the 
corresponding modes of f-picoline. Using this as a 
_ guideline we propose that the 768 cm~! weak Raman 
band of 2-picoline should arise due to S rather than 940 
. cm"! as proposed by Green ef al. The assignments of 
3a, modes are quite in agreement with those reported 
by Green et al.> The 937 cm ' frequency suggested by 
‘Lone et al, for 17a of y-picoline does not follow the 
on rule as a, modes are forbidden in IR spectrum 
‘pe band is observed at this frequency. 


Methyl group vibrations—The methy| group 
vibrations particularly Oyeq(A 1). OncH(E). Vey(A) and 
Ven(E) can be easily assigned in view of their well 
known characteristic frequencies; A and E refer to 


Symmetry species of C;,. point group. The dycy(A) and 
Vou (A) BFC expected to show stronger Raman bands in 
comparison to E-species counterparts. Generally 
Vou (A) falls at a lower value than vcy(E) and dycy(A) 
falls at a higher value than dycu(E). The assignments in 
the case of )-picoline follow these observations in 
addition to the expected band shapes and 
depolarization character. The degeneracy of vcy(E) 
and dycu(£) is lifted with one exception in the case of 2- 
picoline where a single frequency 1431 cm ! 
(liquid)/1435 cm~* (vapour) is observed for dycu(E) 
mode. 

The twist mode frequency in all these molecules has 
been computed from the combination modes as 
assigned in Tables 1-3. The bands associated with such 
combinations are those for which other suitable 
assignments could not be found. For j-picoline, we 
observe two such combinations at 935 (B-type band) 
and 1209 (C-type band) cm *. These are respectively 
associated with 5(b,) + tTcn,(a2)[796 + 135} and rock 
(b:)+tcu,(a2) [1073.5+ 135.5] giving an average 
frequency of 137cm ' for tcy,. Similarly for B-picoline. 
we observe two frequencies, 470 and 1162 cm! which 
are respectively associated with 15 (340 cm‘) 
+ Tou, (130cem~ ') and rock (1030.5 cm ~*) + Ten, (131.5 
cm '). These combinations give Ttcu, an average 
frequency of 131 cm’. In the case of a-picoline, we 
observe two such combinations at 707 and 1193. cm ' 
which are suggested to be 6a (545.5) + Ten, (161.5) and 
rock (1032) + tc, (161), respectively. An average of 161 
cm! frequency can be associated to tcn, mode. If 
rotational motions giving rise to rock and wag are seen 
in C3, symmetry, one finds them degenerate motions. 
However, in picolines, CH; group is attached to a 
planar molecule which obviously lifts up the 
degeneracy of these modes. These modes, in general, lie 
in the 950-1100 cm~! range and are expected to fall 
close together. Our assignments are also well in line 
with this observation. 

Issac et al.3, studying the far infrared spectra of 
several mono-substituted pyridines (taken in liquid, 
solid and solution states), concluded that pyridines 
substituted in two or three positions can usually be 
identified by their strong bands in 600-400 cm ; 
region. Our vapour phase spectra (Fig. 2) not only 
corroborate this inference but reveal that the spectra of 
all the three picolines are quite distinct. The Raman 
spectra, however, show significant difference In other 
regions, e.g. (i) the strongest Raman peak, observed for 
y-picoline at 995 cm~ ', appears around 1050 em for 
p- and 2-picolines. (ii) the relative intensity of the peak 
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around 1496 cm! is observed to decrease 


considerably when the spectra are seen in order of y-, B- 
and «-picolines; in fact in the last spectrum this band 
almost disappears, (iii) in the same order of spectra, the 
relative intensity of bands observed around 1600. cm ye 
is also seen to fall appreciably, (iv) the ratio of the 
intensity of strong Raman peak due to symmetric 
Vey (20a) to that of the symmetric Vcu(CH3 group) also 
decreases; it is higher than unity for y-picoline while 
lower for «-picoline. For f-picoline, this ratio is almost 
unity. 
4 Conclusion 

The assignments of various modes of «-, B- and )y- 
picolines are discussed in view of the polarized Raman 
spectra and the vapour phase contour types. It may be 
suggested that certain prominent distinctions observed 


inthe Raman spectra of «-, B- and y-picolines may help 


_ in identifying 1-, 2- and 3-monosubstituted pyridines. 
_ However, to make this suggestion applicable without 
_ any doubt, the intensity behaviour of the Raman bands 

ofa large number of monosubstituted pyridines should 
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Electrodynamics of the fields associated with particles carrying magnetic charges (monopoles) has been constructed in the 
manner similar to the usual electrodynamics and it has been shown that the faster than light electric charge suffers a Lorentz 


force as if it were a magnetic monopole with magnetic charge of the same sign and magnitude. 


Recent interest in the subject of monopoles'’? has been 
enhanced by the observation of ‘t Hooft? that the 
classical solutions having the properties of magnetic 
monopoles may be found in Yang-Mills theory* and by 
an extension of this idea by Julia and Zee* who showed 
that it is possible to construct the classical solutions in 
the presence of magnetic charge. Recently, the 
monopoles have become objects of renewed interest 
because of the quark-confinement problem in 
quantum chromodynamics. In the present com- 
munication, we have developed the electrodynamics 
petetelss associated with particles carrying magnetic 
rges pacece) and analysed the modified 


~ 


‘S 7 = Pa Ger, 7 ° a ot — oo : 
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where F,, is 7 
jus the Af cht ae 


which generates the electric and magnetic fields in the 
following manner: 

E' = gilk HE jy .. (Sa) 
Hi =x. ..(5b) 


and then field Eqs (1) may = written in the following 
compact form: 


Hy = —k, .. (6a) 
i= 0 . (6b) 


where k,, is the magnetic four-current eee and Pied 
dual of the tensor. ; 
If we apply the complex Seti Lorene 
transformations’ on the usual field equation in 
presence of electric charge and current source densities, — 
we get the following field equations inthe 
frame when observed by an online? observer®: 


Fiy,y = ei 


Ff, 


» 


y=0 


= 
se 
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where we have used the condition 


1 
mre ky 


é’B, = cota 
in place of the Lorentz condition. 

The Lagrangian density which yields this field 
equation for non-zero mass case may be written in the 
following form: 

FH = —m(1 —u?)'? + 0, B"**0"B 

— m? BY* B, — k, BY* 2) 
where the first term corresponds to the free particle and 
the last one to the interaction. This Lagrangian density 
gives the following expression for the Lorentz force 
acting On magnetic charge g in the electromagnetic 
fields given by Eqs (5): 


F = ~g(H-(ux B)] (13) 


It has been shown by Recami and Mignani’ that the © 


=  Eorentz force acting on an electric charge e moving 
saith the superluminal velocity through elec- 
ars pe egmeectic fields is given by the equation: 


| aa —(VxE)], [V|>1 ..(14) 


omparing this equation with Eq. (13), it may be 
= that ee eeecier lett electric Sakae 


Rather ‘iia comparison 


; ns ie } that a "poste electric. tesa with 


superluminal velocity will bahaae asa magnetic ni 
pole (+ magnetic charge) in a subluminal fr: 
instead of a south pole as claimed ep Recami a 
Mignani’. ‘ 
From the Lagrangian density, we may write. t sr 
canonical energy momentum tensor in the following = 


sane 


= T17(x)0"W,(x) — gL (x) 


where 
ey 
Te (x ee 
from iit one may calculate in a straights "A 
manner the Hamiltonian operator H and moment 


and W(x) = = 


monopole also. 


References PS es 
1 Dirac P A M, Proc R Soc London S | (GB), 133 (1931) 
2 Dirac P A M, Phys Rev (USA), 74 ( a 

3 ‘t Hooft G, Nucl Phys B (USA), 138 ( 

4 Yang CN & Mills R N, Phys Ri 

5 Julia B & Zee A, Phys Rev D 

6 Thebaud L R, Phys Rev D 


7 Recami E & Mignani 


8 Rajput BS, Proc 


NOTES 


Indian Journal of Pure & Applied Physics 
Vol. 21, April 1983, pp. 245-246 


Thermal Expansion of Lead-Tin Alloys 


S REKHA DEVIt 
P CHANDRASEKHARAM & B KRISHNAMMA* 
Department of Physics, S V University, Tirupati 517 502 


Received 22 September 1981; revised received 9 Februar y 1983 


The coefficients of thermal expansion (a) of three lead-tin alloys 
(10, 15 and 18 at. % Sn in Pb) have been determined in the 
temperature range 90-250 K using a two-terminal capacitance 
dilatometer which can detect expansion by about 5 x 107 8. and are 
reported for the first time. 


Voluminous data on the thermal expansion of metals 
at low temperatures are available in the literature. 
However, data on metallic alloys are meagre. No data 
at low temperatures on the thermal expansion of Pb-Sn 
alloys (known as solders) are available in the literature. 
Balasundaram and Sinha’ have reported the values of 
; the coefficient of thermal expansion («) between room 
temperature and 125°C as a function of volume 
fraction of Pb-Sn system. In the present study, three 
lead-tin alloys (10, 15 and 18 at. °% Sn in Pb) are 
prepared and their « values measured in the 
temperature range 90-250 K. These values are reported 
in this note. 
| The appropriate weighed amounts of lead and tin 
| (spectroscopically pure materials, supplied by M/s 
Johnson Matthey Ltd, London) are taken in a Pyrex 
glass tube and heated in a furnace to a temperature a 
little above the melting point of tin. The molten 
mixture is poured into the cylindrical hole of 1 cm 
diameter and 4 cm depth drilled into a graphite block, 
_kept at room temperature. Since the alloy is prepared 
under atmospheric pressure, the oxidized surface layers 
are removed. The solidified alloys are homogenized at 
a temperature 50°C below the eutectic temperature. A 
cylindrical rod of length 2.88 cm and diameter 0.68 cm 
is made out of the alloy and is used as the dilatometric 
sample. These samples are annealed for a day at 50°C 
below the eutectic temperature in order to remove the 
effect of cold work. tds 
The two-terminal dilatometer technique* has been 
d to measure « of these alloys. A two-terminal 
sitance dilatometer having a detection limit of 5 
-8 has been fabricated in these laboratories’ °, 
rdized with aluminium and used for the study of 
ese alloys in the temperature range 90-250 K. 
dilatometer is basically a condenser whose 
‘is determined by the gap between the 
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Specimen carrying an earthed plate and a suitably 
shaped piece of iron which forms the other plate. This 
condenser is placed in the tank circuit of a radio 
frequency oscillator and a change in the temperature of 
the dilatometer results in a change in the length of the 
specimen which produces a change in the width of the 
air gap between the plates. This causes a change in the 
frequency of the oscillator which is measured using a 
frequency meter. The relative change in length between 
the specimen and the iron piece can be calculated from 
the change in oscillator frequency after calibration. 
The measurements can be made virtually absolute by 
taking into account the cell contribution. 

The expansion cell constructed in the present study 
is shown schematically in Fig. 1. The upper plate P, is 
made of iron and is rigidly fixed in a hylam tube (HT) 
using araldite. The hylam tube is fixed to a hylam plate 
(H). The connecting lead (CL) of plate P, passes 
through the hylam plate (H). The specimen (S) is in the 
form of a cylinder. It carries the other earthed 
condenser plate P, made of iron. The specimen is 
screwed to the iron piece (M). The distance between the 
two plates P, and P, is adjusted to be about 1/3 mm at 
room temperature with the help of the radial screw 


(== TO HIGH 
cL VAC. SYSTEM 


N & 
-~——_-_- MAAAAARAARARS Jaws o AANA AARRRRRARAARS 


Fig. 1—Expansion cell [A: stainless steel vessel: G : pyrex glass tube: 
M: iron plate; P, : upper plate (iron) of dilatometer condenser: P;: 


‘lower plate (earthed) of the condenser (iron): CL : connecting lead: S: 


specimen: H: hylam plate: HT: hylam tube: Th: Copper-constenian 
thermocouple; RS: radial screw: T,. T,: teflon bushes: K: 
conducting (brass) stand: V: metaplast vessel and L: liquid air J 
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(RS). There is a pyrex glass tube (G) between the upper 
hylam plate (H) and the lower iron plate (M). The entire 
assembly is placed in a stainless steel vessel (A) which 
can be evacuated. The connecting lead (CL) from the 
plate P, and the thermo-couple wires (Th) pass 
through teflon bushes (T, and T,) which insulate them 
electrically from the stainless steel can. 

The change of length A/ of the specimen is given by” 


A (dc 
alm Ar( as eed) 
where A is the area of the plates (P, and P,) and C is the 


cell capacitance. In the present work, A = 3.142 cm?, C 
= 18.88 cm. (converted from pF to cm), f = frequency 
of the oscillator and (dc/df) = 1.988 x 107 > cm/Hz. 
_ The Eq. (1) gives 

Al= 13.95 x 10-2 Af 22g) 
The length of the sample used was 2.88 cm. 


Al 5x10- PAL. 


e frequency f could be measured correct to 10 Hz 
sae a Beckman frequency counter 6155. 


, the accuracy for. the present measurements of 


was about 5 x 10°, which is comparable to that — 


d by optical interference methods. 

values of a for. ‘the three Pb-Sn alloys are 

2 in Table 1. It is evident that there is a regular 
value of « with the increase of 


for all the three alloys. The thermal — 


Table 1—Values of x for the Three Pb-Sn Alloys 
Temperature Range 90-250 K 
xx 10°(K 9) for 


Se ee ee es 


Tempera- 

ture 

K Pb + 10 at. % 

90 1.20 
110 1.32 
130 - 1.54 
150 1.68 
170 1.89 
190 1.95 
210 220. 
230 2.34 
250 2.40 


Sn Pb+1Sat.%, Sn Pb + 18at.”,. 
1.39 
1.56 
1.71 
1.90 
2.09 
2A5 
2.32 
2.44 
2.53 


Table 2—Comparison of the Values of x (in 10°” 

Pb-Sn Alloys of the Present Study with Those c 
REM 
(350 K) 


At. % of Present | 
Sn in Pb. study 


a) fokthioe es 
Faculty Impro’ 


been widely studied’ *. 
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Fluorescence of MgO: Ce 


M N BAPAT & S SIVRAMAN“* 
Department of Physics, University of Saugar, Sagar 470003 
Received 3 July 1982; Revised Received 1 September 1982 


Fluorescence of MgO: Ce is reported. Dependence of emission 
intensity on cerium concentration, temperature and atmosphere of 
firing has been investigated. Lithium coaetivation is found to 
improve the intensity of luminescence emission. 


Fluorescence of trivalent cerium in different hosts has 
The region of emitted 


_ wavelength depends on the choice of the host and 
ids from ultravoilet to red’~*. Here we report 
[s Joss our study on the luminescence emission from 


lin Table 1 for cerium * 
3 f phosphor 
— replaced by one Ce*? and one Li*. 


Eas ol of emission intensity a 


ys. F 


Table 1—Effect of Atmosphere of Firing, and Concentration 
of Cerium on Intensity (/) of 530 nm Peak of MgO:Ce 


(values of emission intensity are in arbitrary units) 


conc. of I I I 1 
CeO in atmosphere atmosphere atmosphere atmosphere 
g/g of air reducing oxidizing air 
MgO (with Li) (with Li) (with Li) (without Li) 


150 60 180 20 
160 65 190 25 
170 74 215 27 
180 80 230 30 
250 115 320 35 
5x 30-7 320 65 390 38 
10°! 470 70 500 42 


Temperature of firing was 100°C. 


5x1075 
10-4 
5x 107* 
10? 
10°? 


For higher concentration of Ce, concentration 
quenching begins. The optimum value for con- 
centration is lower when samples are fired in reducing — 
atmosphere. For a concentration, ten times — oe 
optimum value, again a rise in emission intensi § Kose 
observed which may be due to the dipoles 
transfers’ becoming effective. 7 

It is observed that lithium coactivation incre 
emission intensity when possibly two Mg** * ic ns 


>, 


re we of Ag S eurka 
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The mean relaxation times (t,) and distribution parameters («) of 
4-chloro-, 2,4-dichloro- and 2,4,5-trichloro-phenoxyacetic acids in 
dilute p-dioxane solutions have been evaluated at 3 different 
temperatures using the Cole-Cole arc plot method. Measurements of 
permittivity and dielectric loss have been made at 5 concentrations 
and 4 frequencies (100 MHz, 150 MHz, 4.00 and ~ 10 GHz) apart 
from those at static and optical frequencies (Na-D line). The 
values of To and & are found to increase with increasing chain length 
of these acids and decrease with increasing temperature. Large values 
of To in these acids indicate complex formation in the solutions under 
present study. 


- Because of the importance of chloro-substituted 
phenoxyacetic acids regarding plant growth ac- 
tivity'’?, it seemed desirable to determine their 
dielectric relaxation behaviour. The study of dielectric 


j dispersion of polar molecules provides an important 
approach to an understanding of the molecular 
; structure and interactions in liquids and solutions. The 
relaxation times (to) of some fatty acids? and 


phenylacetic acids** have been reported by other 
workers. But, to our knowledge, no work has been 
reported so far on the study of relaxation times of 
chloro-substituted phenoxyacetic acids. In view of the 
relatively small amount of information avaiable on 
these compounds of biological importance®, the 
present investigation has been undertaken. 

The compounds 4-chlorophenoxyacetic acid (I), 2,4- 
___ dichlorophenoxyacetic acid (II) and 2,4,5-trichloro- 
Bee yacetic acid (III) were procured from Fluka 
- (witzerland) Merck (Germany) and BDH (England) 
respectively. The solvent p-dioxane (AnalaR) was 

red from BDH (India) and was distilled and dried 

lesicce itor before use. 
e permittivity (e’) and dielectric loss (é”) of 
ns ‘of. I, Il and III in p-dioxane solvent were 
at 5 concentrations each in the mole fraction 
-0.1017 at two RX-meter frequencies (100 
) and at two microwave frequencies (4 


Poses nem maintained within +0.5°C by a 
G iz and ~ 10 GHz Smyth's method 
ie s. The apparatus used 


)GHz) at temperatures 30, 45 and 60°C. 


and e was +1% and +4%, respectively. The static 
permittivity of the solutions at 100 kHz was measured 
at 30, 45 and 60°C using a dipolemeter based on the 
principle of heterodyne beat method as described 
elsewhere’. The refractive index (np) of the solutions 
was measured at 30, 45 and 60°C for sodium-D line on 
an Abbe refractometer, and high-frequency limiting 
permittivity (€,,) was obtained by taking the square of 
the refractive index (¢,. = n3). 

It has been found empirically by Heston et al.’ and 
Shown theoretically by Higasi'® that for dilute 
solutions of polar solute in nonpolar solvent both ¢' 
and €” are linear functions of the solute concentration. 
and, therefore, the measured values of ¢’, &”, é) and €, 
can be replaced by the slopes a’, a”, ag and a,, of the 
plots of these quantities with respect to the solute 
concentration. 

For these chloro-substituted phenoxyacetic acids 
(I)-(II1) the complex plane plots (a” against a’) are Cole- 
Cole arcs'!. The values of mean relaxation time (To) 
and distribution parameter («) have been calculated 
from these plots (Table 1). 

The values of To of the compounds (I)-(III) (Table 1) 
increase with increasing chain length. This is in 
agreement with the earlier work? on fatty acids. It has 
also been observed that « increases with increasing 
chain length’? and decreases with increasing 
temperature for each compound. The latter effect 
indicates that the orientation is becoming more 
uniform. It may be interpreted’* that the expansion of 
the liquid has reduced the effect of the arrangement of 
the neighbouring molecules in the orientation process. 

The direction of dipole moments in carboxylic acid 
molecules is nearly perpendicular to the C—C bond 
which binds the carboxyl group with the rest of the 
molecule. As a result, hydrogen bond may not aoe any 
effect on the resultant carboxyl group moment? and 
independent orientation of carboxyl group is hindered. 
It is evident that the two oxygen atoms of the carboxyl 
group have larger interaction with the neighbouring 


eT ee 
Table 1—Values of to and « for Chloro-substituted 


Phenoxyacetic Acids in p-Dioxane at Different. 


Temperatures 
Temperature ] il il 
hy 
To x To x To x 
psec psec psec 

30 103.3 0.24 120.8 030 1432 042 
45 995 0.23 1096 0.27 1205 0.41 
60 93.7 0.19 1034 0.24 1087 0.39 


> lian a 
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hydrogen atoms of the rest of the chain than does the 
hydrogen atom of the hydroxyl group with its 
neighbours. This difference in interaction may lead to 
the independent orientation of the OH—group from 
the rest of the molecule in alcohols and precluding 
independent orientation of —COOH group in acids. 
The large values of to suggest that the orientation of 
the acid molecules is such that the dipole bearing 
groups, i.e. the carboxyl group, is firmly bound to the 
rest of the molecule. The partial proton transfer 
resulting in the coexistence of H-bonded and proton 
transfer complexes in acetic acid-dioxane mixtures has 
been reported by Sabesan et al.'* Such a behaviour of 
complex formation in the solutions of the acids under 
present study may also be responsible for the large 
values of To. 
The value of t) of compound I determined in the 
___ present work is larger than that of p-flufluorophenoxy- 


acetic acid® in p-dioxane solution determined at 
Lakehead University, Ontario, Canada (to = 94.2 
x 10~!? s at 25°C). The value of t) in chloro- 
substituted acid molecules is found to be larger than in 


the fluoro-substituted acid molecules by other 
ers* also. It may be due to the fact that the former 


ger in size as compared to the latter. This check 


sa good support in favour of our results on these 


stituted phenoxyacetic acids. 
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A liquid nitrogen storage container of cylindrical vertical type with 
a total capacity of 2501 has been fabricated using indigenous 
materials for laboratory use. The inner vessel has been designed for 
an internal pressure of 55 psi using stainless steel sheet of 1.5 mm 
thickness with two stiffening rings to take care of liquid pressure. The 
outer vessel has been fabricated out of MS sheet of 3 mm thickness 
and has three stiffening rings which enable it to withstand 200 psi 
collapsing pressure. The inner vessel hangs from the top of the MS 
vessel through 30 cm long thin-walled SS neck. Three symmetrical 
bottom supports of low conductivity-to-strength ratio have been 
provided to protect the container against accidental jerks during 
movement. Evacuated perlite of density 50 kg/m®* has been used as 
insulation. Preliminary trials show that the vessel with perlite at 107! 
torr has an evaporation rate of liquid nitrogen 6.5 % per day which is 
close to the theoretically estimated value. 


The note describes the design and fabrication of a 2501 
liquid nitrogen storage vessel for laboratory use. 

Insulation—The heat transfer in double walled 
vacuum insulated dewar vessels from the outer warm 
surface to the inner cold surface is largely caused by 
radiation across the evacuated space. This radiation 
heat leak Wz is governed by Stefan-Boltzmann law: 
W,=0(A,T*—A,T*)e | 
where the various symbols have their usual meaning. 
W, can be minimized by choosing a container material 
of low emissivity ¢ such as stainless steel. The emissivity 
of a material, however, has a minimum value below 
which it cannot be reduced by any surface treatment’. 
The value of Wz can be drastically reduced by using 
floating multiple radiation shields of low emissivity 
material between the two surfaces but this is extremely 
difficult from the fabrication point of view. Evacuated 
perlite filled in the interspace on the other hand 
provides the benefits of multiple radiation shields and 
is very convenient to use. Perlite has a minimum in the 
apparent thermal conductivity k curve, at a pressure 
~ 10~? torr. Since perlite adsorbs moisture, vacuum in 
the interspace can be maintained for very long periods. 
In view of these advantages we decided to use perlite as 
insulation in our vessel. 

Inner and outer vessels—The wall thicknesses of the 
cylindrical inner vessel and the hemispherical dish 
heads have been calculated in accordance with the 
ASME Boiler and Pressure Code’. The 1.5 mm thick 
304 SS sheet used for the inner vessel can withstand an 
internal pressure of over 55 psi. Two SS stiffening rings 


have been provided outside this vessel to maintain the 
roundness against the liquid pressure. A perforated 
jacket filled with activated charcoal is welded to the 
bottom of the vessel which acts as a cryopump when 
evacuated and cooled to 77 K. All the joints of the inner 
vessel were argon-arc-welded and the vessel Surface 
was polished. 

To keep the cost of the container low, the outer 
vessel was made out of mild steel of thickness 3 mm. In 
order to have about 15 cm thick perlite insulation, the 
diameter of the outer vessel was kept 900 mm and 
length 1100 mm. Three stiffening rings used inside the 
Outer vessel cut the length into four segments and 
enabled it to withstand a collapsing pressure of 200 psi 
against a minimum requirement of 75 psi by ASME 
Code? for the cylinder and the hemispherical dish 
heads. The design of the container is shown 
schematically in Fig. 1. 

Neck and bottom support—The inner vessel has a SS 
pipe neck of 2 mm wall thickness, 38 mm inner 
diameter and 300 mm length. The outer vessel top dish 
head has a SS neck pipe of 5 mm wall thickness, 140 
mm outer diameter and 200 mm length, argon-arc- 
welded to it. The two neck pipes were argon-arc- 
welded together through a 5 mm thick SS flange. This 
flange thus supports the entire weight of the inner 
lo Sage SS FLANGE 


*130 ALL DIMENSION IN MM 
|. NECK TUBES STAINLESS STEEL 
2 INNER VESSEL STAINLESS STEEL 


120 


ARGON ARC 
WELDED SS“\ 
RINGS 


100 


ARGON ARC 
WELDED 


Fig. 1— Design details of the inner and outer vessels of the container 
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liquid nitrogen-filled vesel. The stresses at the inner and 
outer edges of the flange 5; and S, due to the inner 
vessel and its contents have been worked out from the 
equations given by Roark? and found to be 5920 ps! 
and 6503 psi respectively. These values are well below 
the allowable stress of 18750 psi. 

To take care of the thermal contraction and any 
accidental movement of the inner vessel during 
transport, three spring loaded symmetrical supports 
are provided at the bottom. The design of these 
supports is schematically shown in Fig. 2(b). The inner 
vessel is held under compression from the bottom 
through three SS tubes each 100 mm in length, ID 9.5 
mm and OD 10 mm. Each tube is push-fitted into a SS 
disc arc-welded to the bottom of the inner vessel at one 
end and into a MS piston at the other. As shown in Fig. 
2(b), the piston rests on a spring and moves in a 

cylindrical guide. The piston has an insulating FRP 
~ jining to avoid direct thermal contact with the outer 
vessel and minimize solid heat transfer to the inner 
vessel. Even though the bottom supports are not 
expected to hold the weight of the inner vessel, our 
calculations show that these SS support tubes can 
safely hold a weight of 1500 kg in the worst situation. 


Assembly and testing—The inner vessel was 
fabricated according to the dimensions shown in Fig. 1. 
All the welded joints were recycled to liquid nitrogen 
temperature by pouring liquid nitrogen on to them. 
For safety reasons, the inner vessel was pressure tested 
up to 20 psi only. No fall in pressure was observed over 
a period of one week. The outer vessel was fabricated 
without bottom and the inner vessel was assembled 
into the outer one by welding together the neck pipes 
through the SS flange. Bottom supports were fixed in 
position on to the lower dish head of the outer vessel 
pressed against the inner vessel bottom and welded to 
the outer vessel. The interspace was pumped through a 
port in the top dish head and sealed. This vacuum 
sealing arrangement is shown in Fig. 2(a). The outer 
vessel was degassed by pumping the interspace and 
heating the container for a few weeks. Required 
quantity of perlite was filled into the interspace and 
pumped for several days. 

Heat transfer and performance—The total heat 
transfer to the inner liquid vessel consists of the 
following components : 

(1) Solid conduction through the inner vessel neck 
and the bottom supports is equal to 1.74 W. 

(2) Gas conduction through the nitrogen vapours is 
equal to 0.02 W. 

(3) Heat influx through the perlite insulation has 
been calculated from the expression* 


(73-7 
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Fig. 2—(a) The drawing of the arrangement made for the evacuation 
of the interspace and the vacuum sealing, (b) schematic drawing of 
one of the three symmetrical bottom supports used in the container 


where k is the mean effective thermal conductivity of 
the insulation between the boundary temperatures 7, 
and 7,. A, and A, are the surface areas of the inner and 
outer vessels respectively. Though this expression is 
exact for concentric spherical vessels, it is equally 
applicable to cylindrical vessels within 5 % error, if the 
insulation thickness is not more than 50 % of the radius 
of the cylinder. We have filled perlite at an average 
density of 50 kg/m? and pumped to around 10 * torr. 
The heat transfer through perlite at this pressure, 
boundary temperatures and packing density comes out 
to be about 23 W taking a reasonable value of k 
=60uWcm 'K “'. The total heat influx to the liquid 
in the inner container is about 25 W which will 
evaporate about 13.5 litre of liquid nitrogen per day. 
This is close to our experimentally observed rate of 
evaporation. It is hoped that the evaporation rate will 
be brought down considerably by improving the 
vacuum in the interspace. The inner vessel needs about 
11 litre of liquid nitrogen for initial cooling on the basis 
of latent heat calculation. 

We thank Mr Y S Reddy for many useful discussions 
and Mr J R Anand for providing all workshop help. We 
also thank Drs V G Bhide and A R Verma, National 
Physical Laboratory) for their interest in this work and 
permission to communicate the paper. 
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Spectroscopy 
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Charge-sensitive preamplifiers have been designed and fabricated 
in the laboratory in view of the need for achieving optimum 
resolution and size for their operation inside the scattering chamber. 
The performance of these preamplifiers has been tested with the 
silicon surface-barrier detectors. These preamplifiers have shown 
excellent energy resolution and stability for the operation in 
conjunction with the surface-barrier detectors for high-resolution, 
charged-particle spectroscopy. 


Energy resolution is one of the most important 
characteristics of the semiconductor detectors that sets 
the limit of ability to resolve the peaks of two energetic 
radiations having minimum energy difference. 
Resolution of the semiconductor detectors used to 
detect nuclear radiation depends on several factors of 
which electronic system resolution plays an important 
role. In order to minimize the deteriorating influence of 
the associated electronic system in achieving good 
energy resolution, low-noise high-stability electronics 
is being used in recent years! >. The availability of the 
low-noise electronic components indigenously has 
made it possible to fabricate the charge-sensitive FET 
preamplifiers for silicon surface-barrier detectors. 

The aim of the present work is to develop a suitable 
charge-sensitive preamplifier for experiments with a 
cyclotron beam and having as high a resolution as is 
commensurate with the noise limit of the detector, 
using indigenous components. The preamplifier must 
also drive about a 100 m coaxial cable at 50 ohm 
leading to the data acquisition room. 

The Preamplifier: Circuit details and proper bias 
maintenance—The circuit diagram of the preamplifier 
is shown in Fig. 1. The preamplifier consists of the 
standard stages, viz. a charge-sensitive stage having a 
high loop-gain followed by a cable driver. No voltage 
gain stage has been introduced here in order to make 
its size as small as possible, so that it can be placed very 
close to the detector within the vacuum of the 
scattering chamber. The components including the 
nichrome-chip resistors chosen for their small size and 


tantalum capacitors are of indigenous manufacture. 


+Present Address: Van de Graaff Laboratory, Department de 
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The FET which yielded best resolution is selected from 
CIL 973 type. The feedback Capacitor of 1.5 pF is made 
from a 1.5-cm long piece of RG62/U cable whose two 
conductors serve as the two electrodes of the capacitor 

This has been found to work very well. The input 
biasing network, though not essential for Operation of 
the preamplifier, has been introduced to reduce the 
deleterious effect of external leakage between the gate 
and source leads of the FET. It has been shown by 
many workers* ° that the noise characteristics of this 
type of a preamplifier depend critically on the quiescent 
biasing condition and its stability. Thus selection of a 
proper biasing condition and maintenance of it to a 
stable level need be given as much care as possible. It 
has been noticed during the progress of this work that 
excessive humidity along with deposition of 
atmospheric pollutants cause a small leakage current 
to flow in the external gate-source path. This leakage 
current, being fluctuating in nature, causes a 
fluctuation in the input biasing condition which sould 
be avoided as far as possible. Partial suppression of this 
source of disturbance has been made possible by 
introducing the present biasing scheme (Fig. 1). The 
gate voltage determined by the voltage at the junction 
of the two 10 M resistors is held nearly at zero volt by 
the de current flowing through them. The two other 
ends of these resistors are connected to suitable voltage 
points as indicated in Fig. 1. The leakage current 
between the gate and source leads, being usually much 
less than this de current, cannot substantially disturb 
the quiescent gate voltage. For circuits built with either 
a 10M resistor directly grounded from the gate or the 
50 M resistor only to determine the quiescent gate 
voltage, it has been found that to attain the best 
possible energy resolution with a given preamplifier 
circuit assembly, it is necessary to avoid moisture and 
pollutant deposition therewith by warming the circuit 
suitably. With the biasing network incorporated in the 
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circull the necessity ol warming the circull IS 


without deterioration of performance 


However, operating the circuit In 


eliminated 
shown in Fig. 
vacuum after through cleaning does not essentially 
require this biasing network. 

The whole preamplifier circuit 
placed in an evacuated scattering chamber (pressure ol 
10> torr). The components have, therefore, to be so 


is needed to be 


chosen that they do not get degassed too much to 
destroy the vacuum and have good low-noise property 
at the same time. Large number of disc capacitors, 
nichrome-chip resistors, transistors, etc. were 
previously placed in a vacuum of 10° ° torr and tested 
for degassing. 

Performance of the preamplifier—The performance 
of the preamplifier depends on the various noise 
contributions which have been discussed by 
Goulding*. The circuit noise has been measured as a 
function of the input capacitance by applying a suitable 
pulse to the test-input of the preamplifier. Noise versus 
input capacitance curve has been plotted in Fig. 3(a). 
The preamplifier shows 2.5 keV noise at zero input 
capacitance. The variation of the preamplifier noise 
with input capacitance is seen to be 0.10 keV per pF for 
| psec shaping time-constant in the main active-filter 
amplifier that follows the preamplifier. The signal-to- 
noise ratio is found to be the highest with | jusec time- 
constant. It is found to be less than this maximum for 
lower and higher values. The linearity of the 
preamplifier system has been tested with the input 
pulse from a precision pulse generator. The output 
from the amplifier is measured with an oscilloscope. A 
good linearity is observed for the system [Fig. 3(b)]. 

Performance of the preamplifier has been tested by 
using it with an ORTEC silicon surface-barrier 
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Fig. 2- Alpha spectrum of ORTEC SB-detector using the 
preamplifier [The pulser peak is at the extreme right] 
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Fig. 4—Oscillograms of output pulses [(a), Direct 
(horizontal: 1 ys/cm, vertical: 1 V/cm), (b), Through biased amplifier 
(horizontal: 0.5 ys/em, vertical: 0.5 V cm) ] 


detector (model BA-10-1000, Ser. No. 14-892D). This 
detector was operated at room temperature under 100 
V bias ina vacuum of 10° torr. The detector operated 
in conjunction with this preamplifier and an active-filter 
amplifier gives excellent performance. The output 
pulses, corresponding to the alpha-groups of a mixed 
source (AMR 33 from Radio Chemical Centre. 
Amersham, UK) containing 7°°Pu, 7*'Am, ***Cm 
from this assembly, are seen direct and through a 
biased amplifier after being carried through a 100 m 
cable and these are shown in the enlarged oscillogram 
of Figs 4(a) and (b). The three distinct groups of pulses 
correspond to the three major alpha groups present in 
the mixed source. 

The output pulses from the detector assembly are fed 
to the multichannel analyzer. To measure the 
electronic system noise, test pulses from the pulser are 
also simultaneously fed to the test input of the 
preamplifier. She alpha spectrum recorded is shown in 


ae te je 
> ad ; 
“Seda NOTES 


oe g. 3 The energy resolution of 17 keV has been 
achieved for **'Am alphas for the room temperature 


perg ior of the surface-barrier detector under a 
m of 107? torr. The total electronic system noise 


ion has been observed to be 11 keV under this 


a Wh 
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A possible explanation for the origin of Ly’; satellites of Ly, X-ray 
emission lines of rare-earth elements (59 < Z < 69) and their oxides is 
given. The satellite-parent energy separations and the relative 
intensities of the satellites have been calculated using the theory of 
plasmon oscillations in solids. Our calculated results are in good 
agreement with the experimental values of S I Salem and B L Scott 
[Phys Rev A (USA), 9 (1974) 690]. 


Recently X-ray emission satellite lines at the low 
energy side of Ly, (L, > N4) were observed by Salem 
and Scott’ in the elements 59 < Z < 69 and their oxides. 
According to them’, the structure Ly; arises because of 
the exchange interaction between the 4f and 4d 
electrons, which splits both the levels. The transition 
from the splitted levels gives rise to the Ly’, structure. 
They have calculated the energy separations and 
relative intensities of the Ly, structure with respect to 
the main Ly, peak with the help of the exchange 
interaction theory’. But their calculated values are far 
from their own experimentally observed values. 
Moreover, on the basis of exchange interaction theory 
they could not calculate the energy separation AE and 
the relative intensity i for oxides of above mentioned 
elements. Theorefore, it was thought of great interest to 
explain the origin of the low energy Ly, X-ray satellite 
on the basis of some other alternative theory like that of 
plasmon oscillations in solids. 

The authors’ have recently used the theory of 
plasmon oscillations in solids to ex plain the low energy 
K f’ satellites of transition elements and their oxides. 
The same theory is being extended here to explain the 
low energy Ly’, X-ray satellites of rare-earth elements 
and their oxides. Using the theory of plasmon 
oscillations in solids, we have calculated the satellite- 
parent energy separations and the relative intensities 
for rare-earth elements and _ their oxides. A good 
agreement between the ex perimentally observed values 
of Salem and Scott' and our calculated values has been 
obtained as compared to their calculated values on the 
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basis of exchange interaction theory. This permits us to 
assign the low energy L7’; satellite line in the rare-earth 
elements (59< Z< 69) and their oxides as due to 
excitation of plasma oscillations during X-ray emission 
process. 

Plasmon theory—lIn the X-ray emission process, the 
initial state consists of a core vacancy which is 
subsequently filled up by an outer electron with the 
emission of an X-ray photon. If the valence electron, 
before filling the core vacancy, excites a plasmon in the 
valence band, the energy hw, needed for the excitation 
of these collective modes of oscillations is taken from 
the transiting valence electron. Hence the emitted 
radiation quanta will be deprived of an energy hw, 
giving rise to a low energy plasmon satellite whose 
energy separation from the main diagram X-ray line 
will be iiw,, which is given by* 


U 1/2 
ho, =288 es (eV) 


where Z’ is the effective number of free electrons taking 
part in plasma oscillations, ¢ is the specific gravity and 
W is the molecular weight. | 

Results and discussion—Eq. (1) is valid for the free 
electron model but to a fairly good approximation it 
can also be used for semiconductors and insulators?. 
Tsutsumi et al.* have recently shown that it is the 
number of unpaired electrons in the valence band that 
determines the emission process of low energy X-ray 
satellites. Thus, taking account of the overlapping® of 
energy levels, the effective number of free electrons Z’ 


s= (4) 


Table 1— Plasmon Energy of Rare-Earth Elements & Their 


Oxides 

Element/ Z G Ww Re, ae 
compound eV 
5°Pr 13 6.78 140.92 22.78 
°°Nd 12 7.00 144.27 21.98 
°2Sm 10 7.54 150.35 20.40 
*3Ey 9 5.25 152.00. 16.06 
**Gd 10 7.89 157.26 20.40 
Tb 9 8.27 158.93 19.71 
S*Dy 8 8.53 162.51 18.66 
*"Ho 5 8.80 164.94 14.88 
SEY 4 9.04 167.20 13.39 
Tm 3 9.32 168.94 = 11.72 
Pr,O, 32 6.88 329.84 23.53 
Nd,O, 30 7.24 336.54 23.14 
Sm,O, 26 7.43 348.86 21.43 
Eu 20 3 24 7.42 352.00 20.48 
Gd,0, 26 7.407 361.80 21.01 
Dy,O, 22 781 372.92 19.55 


a. etapa nn 


oles 2— Energy Separation AE of the L 7 Satellite of Rare- 
Earth Elements & Their Oxides 
" Blement/ ho, 


Salem & Scott's values for AE 
compound eV 


Obs Cale 
eV eV 


25.5+2.4 8.2 
23.2+0.7 10.7 
19.2+3.0 16.1 
21.5+0.3 18.9 
23.7+0.6 20.2 
21.0+0.8 15.6 


18.4+0.1 
16.1+0.3 
128+48 
13.3+0.9 
24.342.7 
20.1 +0.3 
21.5 

21.8 

21.5+0.4 
17.4+0.6 
18.9+2.0 


* 


22.78 
21.98 
20.40 
16.06 
20.40 
19.71 
18.66 
14.88 
13,39 
11.72 
23.53 
21.43 
21.43 
20.48 
21.01 
19.55 
16.20 


, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er and Tm 
© be 13, 12, 11, 10, 9, 10,9, 8, 5; 4 and 3 
le 1). In the case of oxygen, the 


electrons is two°®. Thus for 
), the vi value of Z’ would ante 32, 


NOTES 


Lint 2: re a Ss ie Pee ke 
Table 3—Relative Intensity (i) of the Ly, 
Lanthanides & 1 heir Oxides 


Satellite of 


Element 
compound 


Present 
calculated 
i values 


Salem & Scott's values for i 
ee ae 
Obs. Cale. 


Pr 0.24 
Nd 0.25 
Sm 0.26 
Eu 0.31 
Gd 0.26 
Tb 0.27 
Dy 0.28 
Ho 0.33 
Er 0.35 
Tm 0.38 
Pr,O, 0.23 
Nd,O, 0.24 
Sm,0O, 0.25 
Eu,0, 0.26 
Gd,O, 0.25 
Dy,O, 0.27 
Er,O, 0.31 


0.15+0.10 
0.33 + 0.07 
0.35 +0.05 
0.36+0.01 0.78 
0.30 +0.04 0.78 
0.36 +0.07 0.71 
0.36 +0.01 0.67 
0.26 + 0.03 0.60 
0.10+0.02 0.50 
0.05 +0.01 0.33 
0,09 + 0.03 = 

0.19 + 0.05 

0.48 

0.59 

0.55 +0.03 

0.56 + 0.03 

0.16 +0.02 


0.60 
0.67 
0.75 


We have calculated the values of i for raresele: 
elements and their oxides which are given in Table 3. 
The results have also been compared with t 
experimental and calculated values of Salem 
Scott’. From Table 3, it can be seen that the r 
intensities observed by Salem and Scott! o 
_ satellites are in better agreement with th 
value s of the aie ee Ms — 
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Investigations on the electronic and vibrational spectra of 2,5- 
dimethyl pyrazine are reported. The electronic spectrum of the 
molecule shows two (one broad and one discrete) absorption systems 
in the ultraviolet region but the vibrational analysis of only the 
discrete system was possible. The vibrational spectra of the molecule 
recorded on Grubb Parsons MK II spectrophotometer in the region 
2.5 to 24 wm have been analyzed in terms of fundamentals, their 
combinations and overtones. The tentative modes of vibration are 
also discussed. 


The electronic spectrum of pyrazine has been studied 
by many workers' * with special reference to n-1* 
transition. Systematic investigations by Innes and 
coworkers® ° have established that the n-7* transition 
located around 3200 A and also having a well resolved 
structure is due to 'B,+'A,, an allowed transition, 
with the transition moment lying in the plane of the 
molecule. Further, this system also involves forbidden 
vibronic bands whose intensities are enhanced by 
vibronic interaction between the 'B,, and 'B,, states 
through the out-of-plane hydrogen bending vibration. 
As regards the spectra of substituted pyrazines, the 


electronic spectra of 2-chloro-pyrazine'® and 2-. 


methyl pyrazine'' have been studied. Simmons et al.'” 
have also reported the vibrational spectra of some 
deuterated pyrazines. In the case of 2-methyl pyrazine it 
has been reported by one of the authors!' that the 
coupling between 'B,, and 'B,, states still exists 
although the symmetry of the molecule has reduced to 
C, and the band system appears due to 14” «!4’ 
transition. Hence, it was considered necessary to 
investigate the spectrum by attaching one more methyl 
group at position 5 in 2-methyl pyrazine to understand 
fully the transitions involved together with the possible 
coupling between 'B,, and 'B,, states. In addition to 
this, the infrared absorption spectra have also been 
obtained for investigating the role of the substituent on 
the vibrations of pyrazine in the ground state. 
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Experimental procedure and results—2,5-Dimethy] 
pyrazine obtained from M/s A G Fluka, Switzerland 
has been used without further purification. The near 
ultraviolet absorption spectrum has been photographed 
on Hilger medium quartz spectrograph in the vapour 
phase. Two absorption systems have been photo- 
graphed under two different conditions. The shorter 
wavelength system appears at room temperature with 
a path length of 75 cm having small amount of vapours 
in it, whereas the longer wavelength system has been 
obtained only at a path length of 150 cm maintained at 
a temperature of 40°C. In the longer wavelength 
system, nearly 20 violet degraded bands in the region 
(2990-3250 A) have been measured. The bands, in 
general, are sharp and the accuracy for such bands is up 
to +5cm7! whereas this deteriorates to +10cm * in 
the case of broad, diffuse and weak bands. The system 
has been analyzed in terms of two excited state 
fundamentals 305 and 579 cm‘ with the 0,0 band at 
31038 cm‘. The position of the bands, their 
separation from the 0,0 band and their assignments are 
presented in Table 1. The shorter wavelength system in 
the region 2600-2800 A shows two broad absorptions 
at 2740 and 2669 A. 

The infrared absorption spectra have been recorded 
on Grubb Parsons MK II spectrophotometer in the 
region 2.5-24 jum in the liquid state. The order of 
accuracy is +10 cm ‘| up to 2000 cm ' and beyond 
this it worsens to +20cm_'. The position of the bands 
and their assignments are presented in Table 2. 

Discussion—In view of the conventional structure of 
pyrazine, D,, point group has been ascribed by 
Simmons et al.'? On substituting CH; group at 2 and 5 
positions around the ring, the symmetry of the 
molecule reduces to C,. From the broad nature of the 
bands of the shorter wavelength system, it has been 
deciphered that it is due to a 7-7* transition analogous 
to 'A,—'B,, transition of pyrazine. In view of the C, 
point group it is expected that the 0.0 band of the n-z 
system will appear strongly, but due to vibronic 
coupling a perturbation is caused by 'B,, state, and the 
upper state becomes 'A” rather than 'A’ and the 
transition thus becomes 'A” —'A’. Due to this, the 0,0 
band will not appear strongly. In view of the general 
pattern this has been assigned at 31038 cm” ', whereas 
for the 7-7 system the band at 36486 cm~' has been 
chosen. 

The strong band at 31617 cm! involves an excited 
state fundamental of $579 cm” '. This vibration has been 
found to be progression forming. The corresponding 
ground state frequency could not be observed because 
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Table 1—Analysis of the n-n Transition of 2,5- Dimethyl Table 2— Vibrational Spectra of 2,5-Dimethyl Pyrazine and 


Pyrazine in the Near Ultraviolet Region Its Correlation with Pyrazine d, and Pyrazine hg (all values 


Intensity Position of Separation Assignment are incm ') 
the bands from the 0,0 Position of Position of Position of Assignment 
em” ' band, em~! the bands the bands the bands in 
m 30914 O—124 0-124 in pyrazine in pyrazine 2,5-dimethy| 
w 30948 0—90 0—90 d, (Ref. 12) hg (Ref. 12) pyrazinet 
ms 31038 0,0 0,0 band 399 416 430(vw) vies 
ms 31087 0+49 0+49 es — 440(vw) . 
w 31150 0+ 112 0+112 — — 450(w) a 
mw 31343 0+ 305 0+ 305 — 516 515(wb) Ven 
w 31393 0+355 0+ 305+49 586 596 555(wb) Yea 
ms 31493 0+455 0+579—124 — _— 575(vw) — 
m 31529 0+491 0+579—90 a ‘<3 585(vw) = 
vs 31617 0+579 0+579 = — 610(vw) — 
vs 31668 0+ 630 0+579+49 678 703 705(wb) V4 
md 31733 0+695 0+579+112 Sa Ta) 760(s) y¥(C—H) 
w 31922 0+885 0+305+579 ees 950 925(s) y(C—H) 
; w 31973 0+935 0+ 305 +579 +49 882 1015 1010(s) vffinel 
c, md 32077 0+ 1039 0+2x 579-124 840 1110 1100(vs) Vio 
F md 32108 0+ 1070 0+2 x 579-90 1005 1230 1245(vs) B(C—H) 
; vs 32198 0+1160 0+2 x 579 — — 1335(sh) B(C—H) 
: vs 32246 0+ 1208 0+2x579+49 — — 1360(ms) sym. CH, 
w 32312 0+ 1274 0+2x579+112 bending 
= mb 32778 0+1740 0+3 x 579 =~ 23 1450(vs) asym. CH, * 
. mb 32828 0+ 1790 0+3 x 579+49 bending 
wb 33358 0+ 2320 0+4 x 579 1175 1418 1490(vs) Viop 
wb 33410 0+2372. 0+4x579+49 390: 35 <x AAR 1535(vs) V190 | 
vs, Very strong; ms = medium strong; m, medium; mb, “medium 1370 1524 _1530fys) “eb : 
aw eak and broad 1536 1578 1615(sh) YBa rig ae aa 
. Rae = and — wi . 2055(m) 555+1490 ; — 
—_— Poa 2295(w) 925 +1360 SS 
Ssucx : -2350(w) 124541100 | 
orpt ‘ion system‘ contains as only limited number of ariel | ae Bigs 
wards “see fh ne (4 a A. J 2660(w) 110041550 
§ 2850(vs) 124541615 _ 
2875(vs) Bite 
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In the electronic spectrum, no band towards the 
longer wavelength side could be located, which 
corresponds to vg, mode, under the best experimental 
conditions. However, a weak infrared band at 555 
cm~! has been assigned to vé, mode. This selection is in 
accordance to the 550 cm~! weak infrared band of 2- 
methyl] pyrazine. The V6, and V¢, modes are assigned at 
579 and 555 cm! respectively. It is remarkable that 
v5, > Vé,. Further it is clear from the spectrum that 0,0 
band is not intense. It is, therefore, obvious that the 
geometry in both the states is not the same. 

In the 2-2 system there are two broad bands. The 
approximate centres of gravity of the two bands have 
been located at 2740 and 2669 A respectively. Out of 
the two, the first band has been chosen as the 0,0 band 
at 2740 A (36486 cm7'). The second band at 2669 A 
(37456cm_‘)has been found to involve an excited state 
fundamental 970 cm '. This has been assigned as V; 
stretching mode vibration. 

The appearance of the strong and diffuse absorption 
in the 7-7 transition at 0,0 + 970 cm! necessitates to 
investigate the ring v,; mode in the ground state. On the 
basis of the data available for 2-methyl pyrazine, this 
vibration has been assigned at 1010 cm’ in the 
infrared spectrum which is the same as that observed at 
1015 cm * in pyrazine. Besides the v, vibration, there 
are Other ring vibrations also (Table 2) which do not 
show any appreciable change. This observation shows 
that the two methyl groups do not exert any dominant 
influence on the vibrational frequencies of pyrazine in 
the ground state. Other vibrations like C—H 
vibrations and vibrations associated with the CH, 
group are assigned in the infrared spectrum on the 
basis of the data available in the literature. 

The gross structure of the pattern is explained at the 
cost of only two excited state fundamentals (305 and 
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579 cm~'). In the spectrum we have two difference 
frequencies 90 and 124m *. The exact origin of these 
frequencies could not be located due to two reasons, 
first. we have only two excited state vibrations and 
secondly, we have no information about the 
fundamental vibrations below 400 cm’. However, 
with the help of one IR band at 430cm™ ', the 124m“! 
can be explained as 0 + 305 — 430. 

The authors are thankful to Prof Nitish K Sanyal, 
Head, Department of Physics, Gorakhpur University, 
Gorakhpur for providing necessary experimental 
facilities. Two of the authors (R and A N P) are 
thankful to the University Grants Commission, New 
Delhi for financial assistance. 
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INSTRUCTIONS TO AUTHORS 


SCOPE 

The journal welcomes, for publication, full papers and 
short notes, reporting significant new results of research, in 
all areas of physics except space physics. The applied fields 
covered are electronics, electrical engineering, in- 
strumentation and applied mathematics. However, papers in 
applied mathematics with emphasis on only derivation and 
proofs and having no direct physical significance, will not be 
considered. Review articles are not published normally. 


SUBMISSION OF MANUSCRIPT 

Manuscripts for consideration should be submitted, in 
duplicate, to Editor, Indian Journal of Pure & Applied 
Physics, Publications & Information Directorate, Hillside 
Road, New Delhi 110012. They should neither have been 
already published nor be under consideration elsewhere. 

Manuscripts should be in English and typewritten on only 
one side of good quality paper, in double space, with 
adequate margin on all four sides. One original and one 
carbon or photo-copy, each complete in all respects 
including abstract, illustrations, meettnee etc. are to be 
submitted. 


PREPARATION OF MANUSCRIPT 
Authors may consult recent issues of the Journal to 
familiarize themselves with the general style and practices 


adopted i in zegard to the various elements of a paper. 


a ‘possible ind attention should be given to spelling and 


 gramm = of eexat Sela and 


highlighting the principal findings and conclusion 
be in such a form that abstracting periodicals | 
without modification 


should 


use it 


Introduction 

Long and elaborate introduction should be avoided. Ii 
should be brief and state the exact scope of the study in 
relation to the present status of knowledge in the field. 
Literature review should be limited strictly to what is 
necessary to indicate the essential background and the 
justification for undertaking the study. 


Materials, methods, apparatus, etc. 

The sources of materials and their purity, methods of 
preparation, procedure for measurements and _ their 
accuracies, etc. should be clearly stated to enable any other 
worker to repeat the work if necessary. New methods, 
techniques, theories, etc. should be described in adequate 
detail; but if they are well known, a mere literature reference 
o them will do; differences from standard ones, 
improvements or innovations should, however, be clearly 
mentioned. 


Results 

Only such primary data as are essential for understanding 
the discussion and main conclusions emerging from the 
study should be included. All secondary data as are of 
interest to a specific category of readership should not be 
included in the paper. Such data should be retained by the 
authors for supply, on request, to any interested research 
worker. A footnote to this effect may be inserted at the 
relevant place in the paper. 

The results must be presented in a coherent sequence in a 


unified logical structure, avoiding repetition or confusion. 


Limitations of the results should be clearly stated. 
The same data should not be presented in both tabular and 


graphic forms. Only such tables and figures as are essential = 
; : should be included. ‘Simple linear coe that can be uae: pS 


“discussion; otherw 
sae 
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Script, vect¢ 
otes. Letters and symbols which should appeé 
To simplify 


marginal n ir in 
bold face must be clearly indicated 
(i) long and complicated mathematical expressions which are 
frequently repeated should be replaced with single letter 
symbol, without clashing with the others used in the paper, 
(ii) the “‘exp” form of complex exponential functions should 
be used; and (iii) to simplify fractions, the solidus (/) is to 
used and fractional exponents are to be used instead of root 


type settmig 


i. 
VEC 


signs, e.g. 
write exp{ —i@o(t, —t,)/2} and nat e '°0"1~ 


SO EE 4 05) 
write (4m,, K3,/@K 5)” and not : So 
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Tables 
Tables should be numbered consecutively in Arabic 


numerals and should bear brief titles. Column headings should 
be brief. Units of measurement should be abbreviated and 
placed below the headings. Nil results should be indicated 


and distinguished clearly from absence of data. Inclusion of 


structural formulae inside the tables should be avoided as far 
as possible. Tables should be referred to in the text by 
_numbers and not by terms like ‘above’, ‘below’, ‘preceding’ 

or ‘following’. Results should not be presented to a greater 
accuracy than that of the method employed. 


Illustrations : 

The number of illustrations should be kept to the 
minimum. Wherever possible, e.g. a number of individual 
pee figures referring to different variables, substances, 

cules, etc. may be combined into one composite figure. 


All illustrations should be numbered consecutivelyin Arabic 
lerals 2 hea es to the figures should be self- 
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ya 
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